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* (57) The present invention discloses compounds of 
formula (I) 




wherein n is the number 0, 1 or 2. There are also dis- 
closed processes for the preparation of said com- 
pounds, together with methods for treating pathologies 
related to an altered 0^3 integrin-mediated cell attach- 
ment, in particular wherein the inhibition of angiogenesis 
is desired, for example in tumors, also associated, with 
metastasis. 
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[0036] WO98/56407 and WO98/56408 disclose fibronectin antagonists as therapeutic agents and broad-spectrum 
enhancers of antibiotic therapy. Said fibronectin antagonists bind to a integrintothe purpose to prevent intracellular 
invasion by microbial pathogens. Some of these inhibitors are linear or cyclic peptides containing the RGD structure 
or antibodies. I ntegrin antagonists are specifically disclosed for their selectivity against a 5 p-, integrin. The best of them 
proved to be (S)-2-[2 J 4,6-trimethylphenyl)sulfonyl]amino-3-[[7benzyloxycarbonyl-8-(2-pyridinylaminomethyl)-l -oxa- 
2,7-diazaspiro-[4,4]-non-2-en-3-yI]carbonylamino]propionic acid. 

[0037] US 5,773,412 discloses a method for altering avp3 integrin receptor-mediated binding of a cell to a matrix, 
said cell being an endothelial or smooth muscle cell, by contacting said cell with a RGD-containing cyclic peptide. Also 
disclosed there is a method for inhibiting angiogenesis by using this cyclic peptide. The cyclic peptide disclosed in US 
5,773,41 2 contains at least 6 amino acids and the RGD sequence is flanked, on the D-side, by a first amino acid which 
can provide a hydrogen bond interaction with an integrin receptor (Asn, Ser or Thr) and a second amino acid, that has 
the characteristics of hydrophobicity or conformational constraint (Tic, i.e. 1 ,2,3,4-tetrahydroisoquinoline-3-carboxylic 
acid, Pro, Phe or lie). A selection of these peptides are taught as useful for altering the binding of osteoclasts to a 
matrix such as bone or for selectively altering integrin receptor binding. It has now been found that cyclic pseudopep- 
tides having an RGD mimetic structure characterized by an azabicycioalkane structure are endowed with selective 
inhibition of av|33 integrin-mediated cell attachment. This activity makes them useful as therapeutical agents, in par- 
ticular for treating pathologies due to an altered angiogenesis, for example tumors. 

Abstract of the invention 

[0038] It is an object of the present invention, compounds of formula (I) 




(i) 



wherein n is the number 0, 1 or 2, 

Arg is the amino acid L-Arginine, Gly is the amino acid Glycine and Asp is the amino acid L-Aspartic acid, and 
the pharmaceutical^ acceptable salts thereof, their racemates, single enantiomers and stereoisomers. 
[0039] The compounds of formula (I) are selective inhibitors of 0^3 receptor. Accordingly, they are useful for treating 
all those pathologies due to an altered a v p 3 integrin-mediated cell attachment; for example, retinopathies, acute renal 
failure, osteoporosis, tumors, also associated with metastasis. The compounds of the present invention can be con- 
sidered as antiangiogenesis agents, in particular for the treatment of tumors, comprising tumors associated with me- 
tastasis. 

[0040] Other objects of the present invention are processes for the preparation of the compounds of formula (I). 
[0041] A further object of the present invention is a method for treating a subject, whether human or animal, suffering 
of a tumor, by inducing an inhibition of angiogenesis, in particular for inhibiting or reducing or blocking metastatic 
proliferation, with the administration of a therapeutic or preventive dose of at least a compound of formula (I). Also 
objects of the present invention are: a method for selectively inhibiting cx v p 3 integrin-mediated cell attachment to an 
RGD-containing ligand, comprising contacting said figand with an effective amount of a compound of formula (I); a 
method for treating a subject suffering from a pathology related to an altered c^fe integrin-mediated cell attachment 
comprising administering to said subject a compound of formula (I); said pathologies being for example retinopathy, 
acute renal failure, osteoporosis. 

[0042] From the industrial application point of view, the present invention also comprises pharmaceutical composi- 
tions comprising an effective dose of at least a compound of formula (I) in admixture with pharmaceutical^ acceptable 
vehicles and/or excipients. . 

[0043] The present invention shall be disclosed in detail in the foregoing also by means of examples and figures 
wherein, in the figures: - . - - ...... 
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Figure 1 represents, in an exemplary way, the general synthesis of the lac tarns 
FiLe 2 represents a preferred embodiment of the synthesis of 6,5-fused c.s lactams, 

Figure 3 presents a preferred embodiment of stereoselective hydrogenat on w,th ch,ral phosph,ne-Rh catalyst, 
Figure 4 represents a preferred embodiment of the synthesis of 7 5- used c.s acams 
Figure 5 represents a preferred embodiment of the synthes.s of 5.5-fused c.s lactams, 
Figure 6 represents another preferred embodiment of the synthesis of 5.5-fused "as lactams, 
Figure 7 represents a preferred embodiment of the synthesis of 6,5-fused rans lactams, 
Figure 8 represents a preferred embodiment of the synthesis of 7,5- used "trans lactams 
Figure 9 represents a preferred embodiment of bicyc.ic lactam tem ^ ,e ^ m0 p C - pr0t f n t e l d . 
Figure 10 represents a preferred embodiment of linear pseudopept.des tBu- Pmc-protected, 
Figure 11 represents a preferred embodiment of protected cyclic pseudopepttdes, 
. Figure 1 2 represents a preferred embodiment of RGD cyclic pseudopeptides; 

Detailed description of the invention 

m0441 In its broadest aspects, the present invention relates to compounds of the above formula (I). 
0045 The compounds of formula (!) are peptido-mimetics containing an RGD sequence. Sa,d compounds can be 
seen as formed by an azabicycloalkane scaffold and an RGD sequence. 
m0461 FoTsake ol clarity in formula (I), there is a variable part, given by the different values of n, and a fixed pan 
[0046] For sake ot ciamy norm i re(e rred to as 5,5 azabicycloalkane, when n is 1 , the scaffold 

zo given by the RGD sequence. When n ,s 0 the scaffold «^ * s azabicycloalkane . The bonds 

is referred to as 6,5 azab.cycloa tan, , anc be either above the plane of the page (thick 

^h^ 

25 ^ft££ZS^Z££ of formula (I) are 7,5 azabicycloalkane, in particular those having trans 
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[0050] In the following table there are represented the preferred compounds of formula (I) 
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[0051] Within the boundaries of the present invention, there is disclosed a process for the preparation of the com- 
pounds of formula (I), comprising the following steps: 

a) Horner-Emmons olefination of a compound of formula (II) 



COOR 
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30 



(II) 



wherein 



R is a lower alkyl residue; 

R 1 is a suitable nitrogen protecting group, to give a compound of formula (III); 
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wherein R 3 is a suitable nitrogen protecting group, R 4 is a lower alkyl residue; 

b) hydrogenation of said compound of formula (III) and cyclisation; and, if desired 

c) separation of the stereoisomer^ mixture; 

d) building of the RGD cyclic sequence, and if desired 

e) separation of the stereoisomer^ mixture. 

[0052] A process for the stereoselective synthesis of the compounds of formula (I), comprises the following 
a) Horner-Emmons olefination of a compound of formula (II) 
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K1 /*^COOR 
N 



wherein 



R is a lower alkyl residue; 
is R 1 is a suitable nitrogen protecting group, to give a compound of formula (III), 



HNR 3 




COOR 



COOR 4 

(III) 

wherein R 3 is a suitable nitrogen protecting group, R 4 is a lower alkyl residue; 



b) hydrogenation of said compound of formula (111) by chiral phosphine-Rh catalysed hydrogenation and cyclisation; 
and, if desired 

c) separation of the stereoisomeric mixture; 

d) building of the RGD cyclic sequence and if desired 
35 e) separation of the stereoisomeric mixture. 

ro0531 As lower alkyl residue it is normally understood a -C 4 alkyl, for example, methyl, ethyl, propyl, butyl and all 
he possible someS but alsohigher alkyls are suitable, provided their compatibility with reachon condone. As su, ab e 
nitroSn protecting groups, the skilled person is able to select, according the general common knowledge, the suitable 
40 SSSS^L lt will appear trom the following examples , but also in the available techn.cal hterature and com- 

[ooS]' tlsodisdosed are pharmaceutical compositions comprising a therapeutically or preventive effective dose ot 
at least a compound of formula (I) in admixture with pharmaceutical* acceptable vehicles and/or exc p.ents 
roS in Ts broade St aspe ct, the present invention advantageously teaches a method for se.ect.ve.y .nh.b.t.ng jfe 
<s nteg'Lmediated cell attachment to an RGD-containing ligand, comprising contacting sa.d l.gand with an effect ve 
amount 7a compound of formula (I), a method for treating a subject suffering from altered ang.ogenests compr wng 
administering to said subject a compound of formula (I), a method for the treatment of tumors tn a sub,ect compr smg 
£m!n IS !enn 9 g to said subject a compound of formula (I), optionally in combination with other actwe mgred.ents, ,n 

SK* C^SZSSS- be described in detail also by means of examples and figures, wherein! 
Best mode for carrying out the invention 

[0057] The synthesis of so-called peptido-mimetics molecules has been a very active and P"^^« '£? a £ l 
n drug design (J. Gante. Angew. Chem., Int. Ed. Eng.. 1994, 33, 1699. - G.L. Olson, et aU. Med. Chenv 1 993 , 3S 
3039 D C Horwell, Bioorg.Med. Cham. Lett. 1993. 3, 797. - A. Giann.s et at: Angew Chem., Int. Ed. Engl. 1993 
32 1244 B A Morgan Annu. Rep. Med. Chem. 1 989. 24, 243). The expectation is that these molecule w,U have 
tha lame biological effects as natural peptides, but at the same time, will be metabo.ica.iy more stable. Of particu.ar 



7 



EP 1 077 218 A2 



10 



15 



30 



35 



40 



45 



50 



55 



.nnforll !T , replacement of ^erse-turn dipeptide motifs with constrained molecules that reproduce their 
Z!o n l tUrSS ° bld; M Kah "' Ed - Peptide Se ^dary Structure Mimetics. Tetrahedron SympS* pZ 

rvv Sif ' 9 , ^f 3 " 3689 referenCeS therein) ' This 90al has been f achlaved using SSSSS! 

X. Y.O]alkane skeleton and/or heteroatom analogues. This has created a demand for efficient synthetic Caches 

hed'n 1997 "SS fT 8nd ^ reVieWed (S ' Hanesstn efa^T " 

hedron 1 997 38, 12789-12854). One particularly effective and versatile route has been developed by Lubell et al and 

Che P m y i V<£ « 'SS'SS ° f e " anti ° PUre indolizidin °n^yPe 6,5-fused bicyclic lactams (H.-G Lombartet a* J Org 

' h I f, ' " R P ° iyak 61 aL ' J - ° rg - Chem ' 1 " 8 ' 63 ' 5937 ' 5949 and ^nces therein for the 
syntheses of azabicycloaikane amino acids - F. Gosselin et al, J. Org. Chem. 1 998, 63, 7463-7471) Several proce 
dures are also ava.iab.e for the synthesis of 7,5-fused bicyclic lactams, the majority of which requi e reS velv lona 

222° SeqUenCeS ' C ° ntrarV ' therS " many PUb ' iShed PrOt0CO ' that a " OW the s ^ thesis 

[0058] According to the present invention, the beta-turn portion of the cyclic peptide consists in an azabicycloaikane 
amino aoid scaffold, selected from a 5,5-, 6,5- or 7,5-fused bicyclic lactams. Several 6,5- and 7 5-f used TaSl -ox* 

36 6 y 2 c 5° £ l s::: in » a , ci< ? have n been synthesised ' using radicai (l coi ° mb ° et ^s^^tm 

?99S It S32Z 5336! T^t ^ ^ J 1996 ' ^ 543 " 554) 0r i0niC reaC,i ° nS < L Colombo et Tetrahedron 
JL o w f'J f ' s,ru ctures can be regarded as conformational^ restricted substitutes for Ala-Pro and 

a p n h d e ;: 2 ) s n ^r if their conformations meet certain criteria ' ,hey can be — <° - ~ " 

20 [ ?, 059] t I hS Pr r en ' inVemi ° n Pr ° VideS an im P roved reacli °n sequence, amenable lo large scale preparation and 

rooToT 9 sTl r S ? T T 1 "r" 0 ' aCtamS f COmm ° n inter ™ di *es, - described?n the appended RgureT 
[0060] Starting from 5-allyl/formyl prohnes 1 3-1 8, a 2-selective Horner-Emmons olefination followed by double bond 
reduct.on has been used to build the second ring. The starting aldehydes have been stereose.ectively synthesised bv 

- ZleTZ* * "T Pr ° Ce ? UreS r e infra) ' Stere ° ran d ° m d ° Uble b ° nd reduction can be Performed' using HVPd 
0 f1Tf ' h ? ?' 7 °1 eaSHy SeParab,e SpimerS - Stere °^ive hydrogenation is studied for the syn 
hesis of 6,5-fused lactams, and achieved with d.e. 80% using Rh-chiral phosphine catalysts. Structural diversity in 
erms of ring s,ze and stereochemistry of the azabicycloaikane fragment, is provided by the new strategy and acc e s 
to the less common 5,5-fused bicyclic scaffold is also secured. 
[0061] Examples of bicyclic dipeptide derivatives 1-12 are shown in Figure 2. 

Synthesis of the fused bicyclic lactams 1-12 

[0062] The synthesis of lactams 1-12 follows the common steps reported in Figure 1 . Starting from the cis or trans 
5-alky. proline aldehydes 1 3-1 8, a Horner-Emmons olefination with the potassium enolate of (±)-2 -«- P hosphonoc Vdne 
trimethyl ester (U Schm.dt, A. Lieberknecht, J. Wild, Synthesis 1984, 53-60) sets up the necessary^ carbon S 
Fol.ow.ng protecting group manipulation (vide infra), reduction of the enamino acrylic acids and treaTrnTn ™t ^con- 
densing agents gives the lactams of both the "cis" and "trans" series in good yields 

[0063] In all cases where stereoisomeric mixtures of lactams are formed, they can be easily separated by flash 
chromatography, and their configuration can be assigned with n.O.e. experiments separated by flash 

[0064] The synthetic scheme is best illustrated by the synthesis of the 6,5-fused "cis"-lactams 2a and 8a (Fioure 3) 
The necessary c,s aldehyde 14 is obtained from the known cis 5-a..y,-proline derivative 25 (M. V C NesaL ManToni 
C Sco.ast.co, Synlett 1996, 441-443) and reacted with the commercially available phosphonate 26 (U Schmidt A 
L.eberknecht, J. W.ld, Synthesis 1 984, 53-60) to give 20 in 98% yield and 71 Z E ratio 

[0065] Hydrogenat.on of 20 occurs initially at the enamino Cbz group, and thus results in a complex mixture of orod 
ucts. To cicumvent this problem, the substrate is treated with Boc 2 0 to give 27 (98%) Reduction oTS I h S 
(OH) 2 followed by 'reflux in MeOH gives a 1 :1 mixture of 8a and 2a, i^ohJ^ly W 
From 14 the whole sequence requires only two chromatographic separations (purification of 20 and sepTrSSsa 
from 2a) and can easily be carried out in multigram scale. ^ OT oa 

S? 66 J , f e j reoselective Preparation of the two epimers 8a and 2a (Figure 3) is carried out using chiral phoschine- 
Rh catalysed hydrogenation of the enamino acid 28. pnospnine- 

[0067] Chiral phosphine-Rh catalyst is well-known to represent a powerful and well-established way of access to 
naturally and non-natura.ly occurring amino acids and the catalytic asymmetric hydrogenation of propeptides s 
the log.cal extension of th.s methodology to the preparation of biologically active chiraFoligo- and polypeptS 
[0068] in asymmetnc catalytic hydrogenations using chiral phosphine-Rh catalysts (Z) olefins usuallfgive the high- 
est stereoisomers purity of the products, but the most stringent requirement for .he substrate remains he ^presence 

?™ m A H° r UiVa ' ent 9r ° UP ° n thS d0Ub ' e b ° nd - (KE - Koeni 9 in Asymmetric Synthesis j.D Mo "son 
S th k f ^ ad6mlC SSS lnC 1 985 ' 71 } The am 'de-type carbonyl is needed in order to allow two-point co-ordSon 
of the substrate to the metal, which increases the sterical demand as it has been fully elucidated experiment 7 
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♦K^ie of noniiHes nrotectinq qroups other than the acetamido, like Boc 
Halpern. ibidem. 41) For applications ^^^^^^^^ L examples of asymmetric cata.ytic 
or Cbz should be used, thus permitting differential ^protection. Mm . J Q g.K. Chatto- 

hydrogenation are known in which these protecting groups are ound on th« n g t 
padhyay, A. Rt zen TRJ ^^^^ are present in different 

J. Toone. J.Am.Chem.Soc. 1997, 119, Hba/) more m Hammadi et al. Tetrahedron Lett. 1998, 39, 

position ot dehydropeptides hydrogenation o, 28 [ Rh(Phosphine) 

2955 - 1 . Ojima, Pure & Appl. Chem. 1984, 56 99). hortne y y cyc | 00 ctadiene ligand of [Rh(COD) 2 ] 

but .h. highest slerebditferent.tibn is obtatn.d w th ^^^^.JS, „„ ,h. substrates (entry 
allows the olelin to chelate to the catalyst. 

Table 1 
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Asymmetric hydrogenation of 2B 


Entry 


Catalyst 


32/33 


d.e. % 


1 


Rh-29 


86/14 


72 


2 


Rh-30 


13/87 


74 


3 


Rh-31 


90/10 


80 



Reactions were carried out at R.T. for 24 h under 10 atm of H 2 

ro0701 Treatment o, crude 32 and 33 with CH 2 M 2 , fol.owed by hydrogenation and cycHsation under the usuai condi- 
SV-tollowedbyreflu^ 

[0071] All the remaining lactams 1 -1 2 can be synthes.seo 1 10 y a | ae hyde 15, easily prepared from 

Thus, the 7 5 fused ,ac ? ms . , £ * ^ ^ 441-44^ Horner-Fmmons reaction 

the cis 5-allyl proline 25. (M V. Chiesa Ma " z ° n ^ ^protection they are reduced with H^Pd-C. The 

of 15 with 26 gives a ,1. ^ore " r ne d ^in a su^e'so.vent, for examp.e xylene. Better resu.ts are 

SCStttSS EDC/HOBT promoted .actam formation to give 3a and 3a, which are eas„y 

separable by flash chromatography (51% overall • V*™™^ (Figure 5) is alcohol 36. Oxidation and 

[0072] The starting material for the synthesis of the 5,5-fused cis ac ams i g , H ydrogen- 
Lner-Emmons reaction with 26 l^^^^ S the ^^ettar 38 is'anyway 
ation of 37 (H 2 /Pd(OH) 2 ) results in a complex mixture of produc s^ ^ we£j jntramolecular 

isolated in 40% yield. The formation o 38 may ^^^J^^ performjng the nydro genation starling 
Z ^ StrST^S^ in MeOH gives an easily separab.e 1:1 mi.ure of 

(Figure 6). Aldehyde 13 ,s synthesis ed from 3 wrth as n JJ J a P 1;1 mjxture o1 the 1ully protec ted 

**** s ~ wed by — in 

as 4:1 transxis mixture, following a f^J^^J^^^ Treatment wrth Boc 2 D and cis/ 

~e^ P ^ 

^"Fin^^ 
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if iF ST? 'St' V u . Chiesa ef aL S y nlett 1996 - 44 1 -443) Hydroboration and Swern oxidation (80% over2 steps) aives 

NaOH H/Pc tC^ZZT " ^ 26 l ^ iVe ' aftSr nrtrOSen PrOteC,i0n ' 46 33 3 6:1 Z:E mto " re - The -uatsSuence 
(NaOH, H 2 /Pd-C) allowed the isolation of 6a and 12a in 40% overall yield 

s tn?rJtH, e A ^ aS h the Synth . 8SiS ° f thS CydiC RG ° P ° rti0n ' Synthetic methods are we " known ^ the art. It is convenient 
s to use the solid phase synthesis approach, although other methods could be used convenient 

[0078] The classical solid-phase synthesis is preferred. 

rnn«m Jf* S °'f P hase ^^sis is carried out as outlined in C.Gennari et al. Eur. J.Org. Chem. 1 999, 379-388 
[0080] The protected ammo acid is condensed on a suitable resin, for example a Wang-Merrifield resin Protectina 
groups are known in this art. 9-fluorenylmethoxycarbonyl (FMOC) is preferred protecting 
10 [0081] After having activated the resin, N-FMOC-Gly is attached to the Wang-Merrifield resin by means of a suitable 

( D r A p7K 

WfJXS^X^^^^ " att3Ched ' f0, '° Wed by ,he biCydiC N -™°C-'actam (ll.a) or (.Mb) and 
15 E°S.n' n 3 Sti " Pre ! Srr ! d emfaodiment of the P resent inve ntion, the solid phase synthesis of cyclic peptides containing 

Thus thJ ZT, T ,0 th t b " yC,iC ' aCtam WaS Perf ° rmed With 9-A-renylmethoxy carbony, (Fmoc) stra egy 
Thus the N-Boc protect.ng group had to be exchanged by Fmoc group in the bicyclic lactam. The synthesis was per- 
formed using Merrrfield solid phase peptide synthesis with SASR.N (Super Acid Sensitive Resin) applying Fmoc strat- 
egy. Asp was protected at the carboxy group in the side chain as t-butylester and Arg was protected at the guanfc. no 
group as Pmc (2 2,5,7.8 Pentamethy, chroman-6 sulphonyl). Linear polipeptides were assembled leaving the give ne 
residue at the C-term,nus to prevent racemization and steric hindrance during the cyclization step The Fmoc crouo 
was cleaved with 20% piperidine in DMF. The Fmoc-protected aminoacid and bfcydic Lams were coupTed S 53? 
(Azahydroxy Benzotnazole) in the presence of D.C (Diisopropylcarbodiimide) or with HOAT/HATU {Azahydroxy Bel 

tides were cleaved from SASR.N solid support by 1 % TFA in DCM and subsequent neutralisation of TFA with Py Thi 
procedure leads to peptides with intact side chain protective groups. Final cyclization was performed in the same 
SSS a r k y^o A nI HATU fmal dePr0tSCti0n d ° ne Wi,h tri «— * the P reLnce^cav eng ers^ 
[0084] The compounds of the present invention are endowed with interesting physiological properties which make ' 
them useful as med.caments. In particu.ar, the compounds of formula (I) herein disclosed are selective antegon^s S 
O.P3 integrins. This antagonist activity provides the use of said compounds for the preparation of medicaments useful 
n nh,bi ,ng he acfon of integrins. In particular, said medicaments will be used in the treatment of tZ „S 
in inhibiting tumor growth and/or angiogenesis or metastasis. y 
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[0085] By way of example, the tests were performed on the preferred compound ST 1646 (see claim 9) and for 
comparison purposes, the highly active compound of the prior art, namely c(RGDfV), i.e. cyclo (Arg-Glylp-^Phe 

- ^ " KESSLER " P6Ptide ' h W ° BothV ™ -d 
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Materials And Methods. 



5 ? ! I J he , rec ^ ptor bindir, 9 assa V was Performed as described by Orlando and Cheresh (Arginine-Glycine-Aspartic 
AoidfndmgLeacnngtoMotecu,^^ 

i mi\?ft r aS H d ' ,Uted at5 °° n 9 /ml in coati "9 buffer ( 20 ">M Tris, pH 7.4, 15 0 mM Nad, 2 mM CaC 2 , 1 mM MgCU 
1 mM MnCI 2 ) and an aliquot of 100 pl/wel. was added to a 96-well microliter plate and incubated overnfght at 4'C The 
P m m W o, " 1 t t ° nCe W " h blockin 9 /bindin 9 buffer (50 mM Tris, pH 7.4, 1 00 mM Nad, 2 mM CaCU. ? mM MgCU 1 
mM MnCI 2 1% bovine serum albumin), and incubated an additional 2 h at room temperature. The plate was rinsed 
tw.ee with the same buffer and incubated with radiolabeled ligand at the indicated concentrations. Fo ^competition 
binding, un.abel.ed compet.tor and competing peptides were inc.uded at the concentration described. After 325 
three washing, counts were solubilized with boiling 2N NaOH and subjected to y-counting. aaamonal 



Cell Culture 



[0087] Bovine microvascular endothelial cells (BMEC) were maintained in DMEM supplemented with 20% foetal calf 
serum, 50 units/ml heparin, 50 pg/ml bovine brain extract, 1 00 units/ml gentamycin 

[0088] BMEC were cultured on 1 % gelatine-coated culture flasks and employed in experiments between passage 
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[00891 Human prostate carcinoma cells (PC3) were purchased from American Type Collection Culture (ATCC) and 
maintained in RPMI supplemented with 1 0% foetal calf serum, 1 0 mM L-glutamine, 1 % sodium piruvate and 1 00 units/ 

ml gentamicin. . /a-t^^n 

[0090] Murine lung carcinoma cells (M109) were purchased from American Type Collection Culture (ATCC) and 
maintained in RPMI supplemented with 10% foetal calf serum, 10 mM L-glutamine and 100 units/ml gentamicin. 
[0091] Ceils were passaged and used for the experiments before reaching confluence. 

Adhesion test 

[0092] Ninety-six-well plates (Falcon) were coated with either fibronectin or vitronectin (both at 5 g/ml in phosphate 
buffered saline) overnight at 4°C. Cells were detached using EDTA (1mM)/trypsine (0,25%) and resuspended in own 
medium described above. Approximately 40.000 cells/100 1 were applied for each well and allowed to adhere for 60 
min at 37°C in presence of different amounts of RGD peptides. For all experiments the non-adherent cells were removed 
with PBS and the remaining cells were fixed with 4% paraformaldehyde for 10 min. 

[0093] Cells were stained with 1% toluidine blue for 10 min and rinsed with water. 

[0094] Stained cells were solubilized with 1 % SDS and quantified on a microliter plate reader at 600nm. 
[0095] Experiments described were performed in quadruplicate and repeated a minimum of three times. 
[0096] Results were presented as mean and standard deviation. 

Results 
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Binding Assay 

[0097] Both purified and membrane-bound integrin 0^3 bind to the disintegrin echistatin with high affinity, which can 
be competed efficiently by linear and cyclic RGD peptides (C.C. Kumar, Huimingnie, CP. Rogers, M. Malkowski, E. 
Maxwell J J Catino and L. Armstrong. 1 997, The Journal of Pharmacology and Experimental Therapeutics; (283) pp 
' 843-853). Therefore to assess the affinity of these peptides for this integrin we used an experimental protocol of com- 
petition with the [ 125 ]l -echistatin as described in materials and methods. 

[0098] Our resultsare showingthat ST1646 (the compound of claim 9) is the more effective peptide to shift echistatin 
from its interaction with the ajfe integrin. Indeed affinity of the RGD peptide ST1 646 reported in table 2 as IC 50 of the 
binding concentration was almost 20 time higher than the Kessler cyclic peptides used as reference peptide. Therefore 
these data are providing clear evidence that the structural constrain of the RGD sequence introduced by the.ST 1646 
result unexpectedly in an affinity for the a»$ 3 integrin notably higher than Kessler peptide. 

Table 2 



Competition binding of RGD to Integrin 0^3 Receptor 


RGD ; 


IC 50 ±SD (nM) 


Ki ±SD (nM) 


KESSLER RGD 


36.9 ±6.4 


34.06 ±5.9 


ST 1646 


2.2 ±0.32 


2.03 ±0.29 



[0099] Effect of RGD compounds on the binding of [1251] Echistatin to 0^3 integrin. 

[0100] IC 50 the concentration of compounds required for 50% inhibition of echistatin binding : were estimated graph- 
ically by program Allfit. The Ki of the competing ligands were calculated according to the Cheng and Prusoff equation. 
[0101] Values are the mean ±standard deviation of triplicate determinations. 

[0102] Saturation binding isotherms of 1 2* I -echistatin binding to c^p 3 receptor were determined .in a solid-phase re- 
ceptor binding assay as described in materials and method. Integrin a v p 3 was coated and incubated with various 
concentrations (0.05-10 nM) of i25|-echistatin. Non specific binding was evaluated by carrying out the binding assay 
in the presence of an excess of cold echistatin and was subtracted from the total binding to calculate specific binding. 
[0103] In competition binding 125 1 -echistatin was added to the wells to a final concentration of 0.05 nM in binding 
buffer in the presence of competing ligand. Cold unlabelled echistatin and peptides dissolved in binding buffer at con- 
centrations ranging between 10" 4 Mto 10* 9 . 

Endothelial Cells Adhesion Assay 

[0104] Since transmembrane ap integrins family are involved in adhesion of endothelial cells to extracellular matrix 
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proteins we assayed adhesion inhibition of bovine microvascular endothelial cells (BMEC) to both vitronectin and fi- 
bronectin when these cells were treated with different concentration of our cyclic RGD 

Lh!° 51 T^T* X l thS bindin9 experiment the c V clic peptide ST1646 was the more effective in inhibiting 

obl^H S h P6Pti ^ t8Sted ShCe Vftr ° neCtin iS 3 m ° re Spectfic n 9 and of ^ integrin than fibronec in we 

observed that he RGD tested were able to more efficiently inhibit adhesion of BMEC cells on vitronectin than on 

RGDStT^ P T\ ( fn° mPare Tab ' e 3 ^ Tabi6 4) - C ° mparing adhesi0n inhibi,ion ' we obse ™ d that the c^cHc 
RGD ST1646 was about 10 t(me more effective than the Kessler peptide inhibiting adhesion of BMEC cells to both 
fibronectin and vitronectin (see Table 5). 

[01 06] To asses the ability of ST1 646 peptide to compete with vitronectin in adhesion assay also on other cells type 
we performed th.s experiment using microvascular endothelial cells (HMEC), human prostate carcinoma cells (PC3) 
and munne : lung carcinoma cells (M109). Table 6 (a, b and c) show a good activity of the ST1646 peptide in inhibiunq 
adhesion of all cells type. Indeed the reported adhesion inhibition of the ST1646 on HMEC, PC 3 and M109 cells have 
shown higher percentage than the Kessler RGD peptide. 

[01 07] Putting together these data we have, therefore, showed high activity of the RGD cyclic peptide ST 1 646 on 
several cellular type coherently with binding affinity experiment previously described. 

Table 3 



Adhesion inhibition of BMEC to Vitronectin 


RGD 


% inhibition 


t-test versus control 


KESSLER 


96 


P<0.0001 


ST 1646 


99 


P<0.0001 



[0108] The percentages of adhesion inhibition refer to 100 M concentration of each peptide of and it's calculated by 
the following formula (control -sample/ control x 100) where control was RGD untreated sample Each percentaae \s 
the mean of 4 independent samples treated with the same peptide. The t-test has been calculated, using the Mann 
Witney non parametric test, by the instat program 
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Table 4 



Adhesion inhibition of BMEC to Fibronectin 


RGD 


% inhibition 


t-test versus control 


KESSLER 


30 


P<0.0001 


ST 1646 


60 


P<0.0001 



E Z , J P T entages of adhesion inhibitlon refer *> 100 uM concentration of each peptide of and it's calculated 
by the following formula (control-sample/ control x 100) where control was RGD untreated sample Each percentaae ' 
is the mean of 4 independent samples treated with the same peptide. The t-test has been calculated, using the Mann 
Witney non parametric test, by the instat program. 
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IC50 of adhesion inhibition of BMEC 


RGD 


IC 50 OiM) 


Fibronectin 


Vitronectin 


KESSLER 


>100 


7.8±1 .2 


ST 1646 


44 ±4 


0.8 ±0.06 



[0110] Several concentrations (in quadruplicate) of the indicate RGD peptides ranging between 100 to 0 6 uM has 
been tested in adhesion experiment as described in materials and methods. The IC S0 which represent the RGD peptide 
concentration able to inhibit 50% of the adhesion of BMEC to the indicate substrate, has been calculate by Sear 

deviaSn " ^ *° ^ Pr ° 9ram ' ^ ICs ° ^ *** RG ° h3S been rep ° rted t0gether with th * stand ^ 
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Table 6 (a) 

Adhesion assay on Vitronectin 







HMEC CELLS 




10 


RGD 


% 

Inhibition 


IC 50 (uM) 


t-test versus 
control 




KESSLER 


39 


4.23±0.31 


P<0.01 


15 


ST 1646 


58 


1.27±0.375 


P <0.0005 



,0,,,] Serial concentrations (In quadruplicate) o. indicated RGD peptide over , wide range <0.0,-100p M has bean 

Z ,1*9 tonrtala (LnttManpW control x ,00, where contra, waa RGD untreated sample. 

Table 6 (b) 
Adhesion assav on Vitronectin 





PC 3 CELLS 


RGD 


% | 
Inhibition 


IC 50 

(UM) 


t-test versus 
control 


KESSLER 


69 


2.5±0.2 


P<0.0001 


ST 1646 


96 


0.3±0.08 


P<0.0001 



[0114] Serial concentrations (in quadruplicate) o, Indicated RGD peptide over a wide range (0.01-lOOpM has baen 

SSf ii?S2SSSLn inhibition ,a,a, to 1.5 gM concentration o, each peptide and were caicuiarad b» 
L lolowing formula (conlrol-sample/ control x 100) where control was RGD untrea.ed santple. 
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Table 6 (c) 

Adhesion assay on Vitronectin 





Ml 09 CELLS 


RGD 


% 

Inhibition 


IC 50 


| t-test versus 
control 


KESSLER 


70 


O.46±0.5 


P<0.0001 


ST 1646 


99 


0.048±0.06 


P<0.0001 



f°V h • S !L ia ' concen,rations < in quadruplicate) of indicated RGD peptide over a wide range (0.01 -1 OOuM has been 
tested in adhesion test, on vitroneclin, as described in material and methods 

to innL to^Z^SSZ?™" Va,US ° f 3 eXPenmentS indiCatSS * hat RGD ^ concentration able 
[01 19] The percentages of adhesion inhibition refer to 1 .5 u.M concentration of each peptide and were calculated by 
he following formula (control-sample/ control x 1 00) where control was RGD untreated sample ca,cu,ated b V 

E T°l l T SX ? Sen Calculated usin 9 tne Mann Wtnsy "on parametric test, by the instat program In the too 

left s,de of the two panels it's shown the cell type the adhesion experiment it's referred to. ^ 

CMice m0r Antim6taStatiC Activit y ° f St 1646 Vs - Messier Peptide On M109 Lung Carcinoma-Bearing Balb/ 

onf !? Ba -' bA ; miCe Wereinjected Lm - with M1 09 ^ng carcinoma cells (3x10* cells/mouse) into the hind leg muscle 
One day after tumor .nject.on, mice were treated with ST 1646 (300 ^g/mouse = 15 mg/kg) or Kessler pSide (200 
ESS'T 10 m9/k9) acCordin 9 to a ^ dx9 trea <™nt schedule (every day for 9 administration, i p route) 
[0122] Tumors were exceed at day 10* aftertumor implant. Mice were sacrificed at day 16* from tumor implant and 

£01 JnLV^?' V °' Ume inhibit k ion > = 1 00 - [( mea " tumor weight of treated group/mean tumor weiqht of control 

K X tI J^T T °T V 16 3fter tUm ° r imP ' ant (jUSt bef ° re miCe Sacrifice > on nonoperated m ice 

hnth tl h S th ° bta ' ned ' re P° rted in table 7 > sh ™n that ST1 646 is more effective than Kessler peptide in reducino 

both the number of the metastasis and the volume of the tumor. pepuaa m reaucmg 



Antitumor and ant.metastat.c activity of ST 1646 vs. Kessler peptide on M109 luna carcinoma-beP,rinn Ra ,h,„ ^ 


Group 


Schedule 


Mean no. of metastases 


TVI % 


Untreated 


/ 


34 


/ 


Kessler 200 M.g/mouse (10 mg/kg) 


qdx9 


23 


/ 


ST 1646 300 p.g/mouse (15 mg/kg) 


qdx9 


20 


3 
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Angiogenesis Inhibition On Cam Assay With St 1646 Cyclopeptide 

[0125] Angiogenesis on CAM (chicken embryo chorioallantoic membrane) assay has been quantified by countino 
the number of vessels mterfacng the implanted gelatin sponge on each embryos and calculating the average for each 

olTZ PO T 69 , 9S f0 ? e Ptjde COncentration )- A sin 9le treatment means that the embryo re^edS 
peptide at the concentration indicated in the table, only one times at the beginning of the experiment while !n he 
repeated treatment the peptide has been added to the embryo every day for three days. In some expe^ment we haJe 
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t «««i««««* e ie orrurred spontaneously on the chorioallantoic membrane during 
refereed our sample to control where ang.ogenes.s we ^ ysed conUo! where angi ogenesis has 

embryo development (Table 8). In others experiment (Table 9) instead we have usea com 
been stimulated by bFGF {400ng/embryo). 



10 



15 



Anninnpn^is inhibition occurred spontaneously on the chonoallan 


toic membrane 


Treatment 


Inhibition (%) 


Standard Deviation (%) 


Control 


0 




ST1646 (100 jig single treatment) 


-70 


±27 


ST1646 (20 uq repeated treatment) 


-27 


±8 


inhibition (%) = [(mean vessels treated group - mean vessels conliul y.oup) i umiliul y.oup] x 

100 . ■ ' 
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Apninnpnpsis inhibition on the chorioallantoic membrane where angiogem 


5sis has been stimulated by bFGF. 


Treatment 


Inhibition (%) 


Standard Deviation (%) 


Control bFGF (400ng) 


0 




ST1646 (1 OOjig single treatment) 


-56 


±13 


ST1646 (100p.g repeated treatment) 
Inhibition (%) = [(mean vessels treated group - 


-84 

mean vessels control 


±30 

groupVcontrol group] x 100 



-rni 261 The results obtained provide a clear evidence that the structural constrain of the RGD sequence introduced 
bv the ST l^ resuft unexpectedly in an affinity for the aJJ, integrin notably higher than Kessler peptide. Paralleled 
by the bl Ib4b resuu unexpeoieu.y » * CT 7 fi4fi its activitv in inhibitinq the binding of several 

to these results in in vitro compet,t,on binding assay SI '^^^^S^loihe binding assay experiments 
cell types to fibronectin and vitronec in prote ns | [table 3-4^5-6^ b ^^Se than Kessler peptide. Moreover, . 
rrshiP l\ cellular inh bition assay show that ST 1b4b is ai leasi iu iuiu& muic a r c -r 

sflB^ ireS emeiy spec ifi C in inhibiting cellular binding to vitronectin. This is an add.t,onal evidence, m wh.ch ST 
VsA6 stows aqo^d LlSvTy towards cellular ojfe integrin implicated in binding to vitronectin substrates. In ,n v»o 
experfmems the" su ts obtained shown that ST 1646 inhibits the growth of M1 09 lung metastasis stable on, 
ST 1646 strongly inhibits angiogenesis both in FGF-induced and spontaneous angionenes.s (table 8 and 9 respec- 
wTelvlTh^ results show that ST 1646 is a very effective antitumoral and antiangiogenic compound. 
mm The compou^ of the present invention have azabicycloa.kane structure and contain the ROD (Arg-Gly-Asp) 
Leauenc > aTe S inhibitors of av P 3 receptor, andthey are useful agents fortreating patholog.es due to an altered 
TZsZn of the av P 3 receptor. It is well known that the activation of av P 3 receptor is linked to severe, pathology, 

?01281 Se As above mentioned, the experimental results above reported shown that compounds according to the in- 
tention a^ave seTeLe inhibitor oL^S receptor; inhibitors of the adhesion of ce.l lines to f ,bronect,n; antnumora, 
activitv (reduction of the number of the metastasis); antiangiogenetic activity. .,.,.„. 
m 29! As far as the industrial aspects o1 the present invention are concerned, the compounds of formula (I) shall be 
su tally folded in Pharmaceutical compositions. Said compositions will comprise at least one compound of formula 
m n adSZ ^ wSh pharmaceutically acceptable vehic.es and/or excipients. According to the therapeutic necessity, 
he ^SZ^ZTslcXeti compound, its physico-chemical characteristics, the pharmaceutical composes 
2i^£S?plS invention will be administered by enteral or parentera, route. Enteral pharmaceu ical compos 
smons ma 'be both in the liquid or solid from, for example tablets, capsules, pills, powders, sachets, freeze dried 
DowSrTSS readily R esolved or in any other way soluble powders, solutions, suspensions, emulsions. Parenteral 
lormutation wtll be in injectable form, as solutions, suspensions, emulsions or in powdery form to be dissolved ,mme- 
SSS ore se SZ administrat ion routes are also provided for example intranasal, transdermal or subcutaneous 
^S P Z7pS!Zoel^ compositions can also be provided. For example controlled release formu,at,ons or 

SSSl^SSSLta. compositions according to the present invention is absolutely within 

KirS^SM - ESXZSSZl the type o, the pathology to be treated, its seventy, and the 
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conditions of the patient (weight, age, and sex). 

[0132] The following examples further illustrate the invention. 

[0133] Examples 1-12 may be read easier by making reference to Figures 1-8 

[0134] General: 1 H and ™C NMR spectra were recorded in CDCI 3 or C 6 D 6 as indicated, at 200 (or 300) and 50.3 
s MHz, respectively. The chemical shift values are given in ppm and the coupling constants in Hz. Optical rotation data 
were obtained on Perkin-Elmer model 241 polarimeter. Thin-layer chromatography (TLC) is carried out using Merck 
precoated silica gel F-254 plates. Flash chromatography is carried out with Merck Silica Gel 60, 200-400 mesh. Solvents 
were dried with standard procedure, and reactions requiring anhydrous conditions were performed under a nitrogen 
atmosphere. Final product solutions were dried over Na 2 S0 4 , filtered and evaporated under reduced pressure on a 
io Buchi rotary evaporator. 

Example 1 

Preparation of enamides via Horner-Emmons reaction. 
General procedure A: 

[0135] To a stirred solution of tBuOK (7.36 mmol) in 40 ml of dry CH 2 CI 2 under nitrogen atmosphere, at -78 °C, was 
added a solution of Z-a-phosphonoglycine trimethyl ester 26 (7.36 mmol) in 5.0 ml of dry CH 2 CI 2 . The solution was 
stirred for 30 min at this temperature and then a solution of aldehyde (6.13 mmol) in dry CH 2 CI 2 (25 ml) was added. 
After 5 hours the solution was neutralised with a phosphate buffer. The aqueous phase was extracted with CH 2 CI 2 , 
dried over Na 2 S0 4 and the solvent evaporated under reduced pressure. The crude was purified by flash chromatog- 
raphy (hexane/ethyl acetate), affording the enamide in a 2:E diastereoisomeric mixture. 

25 Preparation of N-Boc-protected enamide. 

General procedure B: 
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[0136] A solution of enamide (11.0 mmol), (Boc) 2 0 (22.0 mmol) and a catalytic quantity of DMAP in 40 ml of dry 
THF, was stirred for 30 min. under nitrogen. The solution was then quenched with 40 ml of water and extracted with 
ethyl acetate. The organic phase was dried over Na 2 S0 4 and the solvent evaporated under reduced pressure. The 
crude was purified by flash chromatography (hexane/ethyl acetate), yielding the Boc-protected enamide. 



Preparation of alcohol via hydroboration. 
General procedure C: 



[0137] To a solution of allyl proline (2.34 mmol) in dry THF (4.2 ml) was added a 0.5 M solution of 9-BBN in THF 
(1.26 mmol). The reaction was stirred for 12 h. and then cooled at 0 °C and, water (0.6 ml), a 3 N solution of NaOH 
(0.5 ml) and H 2 0 2 30% (0.44 ml) were added. The reaction was stirred for 1 h. at room temperature and then refluxed 
for other 2 h. The aqueous phase was extracted with AcOEt, the collected organic phases were dried over NefeSQ., 
filtered and evaporated under reduced pressure, the crude was purified by flash chromatography (hexane/ethyl ace- 
tate), yielding the alcohol as yellow oil. 

45 Preparation of aldehyde via Swern oxidation. 

General procedure D: 



[0138] To a stirred solution of oxaiyl chloride (16.9 mmol) in 35 ml of CH 2 CI 2 , cooled at -60° C, were added DMSO 
(23.1 mmol), alcohol (5.66 mmol) dissolved in 21 ml of CH 2 CI 2 , TEA (28.2 mmol). The reaction was warmed at room 
temperature. After one hour the reaction was washed with 50 ml of water and the aqueous phase was extracted with 
CH 2 CI 2 . The collected organic layers were dried over Na 2 S0 4 . The solvent was evaporated under reduced pressure 
and the crude purified by flash chromatography (hexane/ethyl acetate), yielding the aldehyde. 



16 

BNSDCCID: <EP___1 07721 8A2J_> 



' 4 



EP 1 077 218 A2 



Example 2 
Aldehyde (14): 



10 



15 



,* ■ nA ™i rw ri \a/3^ moled at -60° C and bubbled with 0 3 (flow 
[0 139] A stirred solution ot 25 (6I> g. 174 rnmc ) .n Mm of C^C 2 and bubbled wjth Ng ir ? order 

rate = 30 l/hour). After 1. 5 hours the reaction was allowed to warm* Droo P ^ 

SO.™ SE£ « tSTI I & U ?"i i Wo 2 77 . FAB*MS: caicd .0, C^NO. 347 4 ' 

Example 3 

Enamide (20): 

c^s'o^ 

were splitted for amidic ^omensm). 8 - 172.4, 1M a. - . ^ ^ ? ^ _ pAB+MS . ca , cd for 

67.2. 66.9,. 60.8, 60.3, 57.9, 57.2^ 52.1 , 33.8, 33.2 30^7 28* . _ cD (sjgnals 

jT/ii S&Sl^M ^sS^o^ Si W* 2 ,, M -a. i4.o. 

Example 4 

Enamide (27): 

, n . ..^r, on anri thP resultina crude was purified by Hash chromatography 
[0141] The general procedure B was followed using 20 and the jesul .ng crucu P y _ 

hexane/ethyl acetate, 7:3), yielding 27 (98%) as yellow o,l. ^-isomer. - [a D - +18.95 ( : 1- ^ £ 

200 MHz. CDC.3) ^J^^^^ N-CH-COOtBu), 5.15 

CH 2 ), 2.3-2.8 (2 m, 2 H , =CH-CH 2 ), 3.7 (s 3 H COOWJ). V 14.2(2 ^ ^ ^ cdc)3) 

(m, 4 H, CH 2 Ph), 6.95 (dd. J = 8.5, J = 6.4 Hz, H, _C£0 r.SOfln. ■ 139.0, 138.8, 136.2, 135.1, 

(signals were splitted for amidic isomerism). 8 = ^ „ |2 ^ 8 60 9 60 4 57 5 56.7, 52.1 , 32.8, 32.1 , 29.9. 

129.7, 128.3, 128.2, 128.1, 127* ^^6,83.3, 8 .^ 77.^68 .2, 6 ^^9^5 ^ ^ 

45 29.1, 28.8, 27.7. - E-,somer: -jab 2 - +7 .34 (c - 1 33. U p 3,. * 2 H _ =CH - C H 2 ). 3.75 (2 s, 

amidic isomerism): 8 = 1 .3-1 .5 [2 s, 1 8 H C(CH ) ], 1 - > 2.2 ^m 4 f H. o 2 ^ 6.3 (m, 1 H, =CH), 7.30 

61.1, 60.6,' 58.1, 57.4, 51.7, 32.7, 32.0. 29.5, 29.4, 28.9, 28.7, 27.7. 
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Example 5 

6,5-Fused bicyclic lactam (2a, 8a): 
[0142] A solution o, 0.3 2 0 9 o, 37 
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was removed and the two diastereoisomers formed were separated by flash chromatography (hexane/ethyl acetate, 
7:3), yielding 0.122 g of 8a and 2a (70%) in a 1.4:1 diastereoisomeric ratio as white foam. - [a] D 22 = -10.70 (c = 1.29, 
CHCI 3 ). - 1 H NMR (200 MHz, CDCI 3 ): 5 = 1.43-1.45 [2 s, 18 H, C(CH 3 ) 3 ], 1.5-2.5 (m, 8 H, CH 2 -CH 2 , BocN-CH-CH 2 - 
CH 2 ), 3.69 [m, 1 H.CH-N], 4.1 (m, 1 H, CH-NBoc), 4.38 (dd, J = 7.7 Hz, J = 1 .8 Hz, 1 H, N-CH-COOtBu), 5.59 (d, J = 

5 5.4 Hz, 1 H, NH). - 13c NMR (50.3 MHz, CDCI 3 ): 6 = 170.7, 165.8, 155.8, 147.1, 81.4, 79.3, 59.0, 56.2, 49.9, 32.0, 
29.5, 29.1 , 28.2, 27.8, 27.0, 26.5. - FAB+MS: calcd. for C 18 H 32 N 2 0 5 354.46, found 354. - 8a - [a] D 2 2 = -45.07 (c = 1 .69,' 
CHCI3). - 1 H NMR (200 MHz, CDCI 3 ): 8 = 1 .44-1.46 [2 s, 18 H, C(CH 3 ) 3 ], 1.55-2.2 (m, 7H, CH 2 -CH 2: BocN-CH-CHH- 
CH 2 ), 2.5 (m, 1H, BocN-CH-CH/V), 3.75 [tt, J = 11.2 Hz, J = 4.2 Hz, 1 H, CH-N], 3.90 (m, 1 H, CH-NBoc), 4.32 (d, J = 
9.2 Hz, 1 H, N-CH-COOtBu), 5.59 (broad, 1 H, NH). - 13 C NMR (50.3 MHz, CDCI 3 ): 8 = 170.6, 167.9, 155.7, 81.2, 79.4, 

10 77.5, 60.4, 59.0, 52.2, 31 .4, 28.5, 28.3, 28.2, 27.8, 27.6. - FAB+MS: calcd. for C 18 H 32 N 2 0 5 354.46, found 354. 

Acid (28): 

[0143] To a solution of 27 (0.640 g, 0.980 mmol) in 4.9 ml of MeOH was added 4.9 ml of 1N NaOH (4.9 mmol). After 
15 18 hours of stirring at room temperature the solvent was evaporated under reduced pressure. The solid residue was 
dissolved in 5 ml of water and 2N HCI was added until pH 3, then the aqueous solution was extracted with Ch^C^. 
The organic phase was dried with Na 2 S0 4 , the solvent evaporated under reduced pressure and the crude was purified 
by flash chromatography (CH^CI^MeOH, 95:5), yielding 0.420 g of 28 (85%) as a white solid. 

[0144] Z isomer: - [oc] D 22 = -57.01 (c = 1.99, CHCI 3 ). - 1 H NMR (200 MHz, CDCI 3 ) (signals were splitted for amidic 
20 isomerism): 8 = 1.30-1 .50 [2 s, 18 H, C(CH 3 ) 3 ], 1 .7-2.7 (m, 6 H, CH 2 -Ctf 2 , =CH-CH 2 ), 4.2-4.3 (m, 2 H, =CH-CH 2 -CH- 
N, N-CH-COOtBu), 5.1 (m, 2 H, CH 2 Ph), 6.6 (m, 1 H, =CW), 7.30 (m, 6 H, aromatic, NHBoc). - 13 C NMR (50.3 MHz, 
CDCI3) (signals were splitted for amidic isomerism): 8= 171.5, 168.3, 154.8, 154.5, 140.6, 136.4, 136.1, 133.9, 133.5, 
128.3, 128.2, 128.1, 127.8, 127.4, 126.9, 81.3, 80.9, 67.1, 66.9, 65.0, 66.9, 65.0, 57.5, 56.8, 33.4, 32.4, 29.5, 28*5! 
28.5, 28.0, 27.8, 27.7, 27.4. 

25 [0145] E isomer: - [<x] D 22 = -41.63 (c = 1.87, CHCI 3 ). - 1 H NMR (200 MHz, CDCI 3 ) (signals were splitted for amidjc 
isomerism): 8 = 1.35-1 .50 [3 s, 18 H, C(CH 3 ) 3 ], 1.7-2.4 (m, 4 H, CH 2 -CH 2 ), 2.7-3.2 (m, 2 H, =CH-CH 2 ) : 4,2-4.3 (m,*2 
H, =CH-CH 2 -CH-N, N-CH-COOtBu), 5.1 (m, 2 H, CH 2 Ph), 6.7-6.9 (m, 2 H, =CH, NHBoc), 7.30 (m, 5 H, aromatic). -13C 
NMR (50.3 MHz, CDCI 3 ) (signals were splitted for amidic isomerism): 5 = 171.7, 167.2, 154.9, 154.5, 154.3, 136.5, 
136.2, 128.3, 128.2, 127.7, 127.5, 126.9, 126.3, 126.1, 81.2, 80.4, 66.9, 65.0, 60.7, 60.4, 58.3, 57.7, 32.9 ; 32.0, 29.5, * 

30 28.4, 28.1, 27.8, 27.7, 27.4, 27.1, 14.0. 

Acid (32, 33): 

[0146] To the [Rh-(-)-BitianP] catalyst prepared as described in the literature was added 28 (0.16 mmol) and MeOH 
35 (30 ml), the resulting solution was stirred for 30 min. A 200 ml stainless-steel autoclave equipped with a magnetic 
stirrer and a thermostatic bath was pressurised with hydrogen and vented three times. The solution was transferred 
into the autoclave with a syringe and the autoclave was pressurised at 10 KPa with hydrogen. The solution was stirred 
for 24 h. at 30 °C. The hydrogen pressure was released, the solvent evaporated. The crude was submitted to the next 
reaction without further purification. 

40 

6,5-fused bicyclic lactam (2a): 

[0147] To a solution of 32 and 33 as diastereomeric mixture in MeOH (1.5 ml) was added a solution of CH 2 N 2 in 
Et 2 0 until the TLC showed that the reaction was complete. The solution was evaporated and the crude was dissolved 
45 in MeOH (2 ml) and a catalytic quantity of Pd/C was added, the mixture was stirred under H 2 for 12 h. The catalyst 
was then filtered through celite pad and washed with MeOH. The solvent was evaporated under reduced pressure and 
the crude, as a white foam, was refluxed in MeOH for 48 h. The solvent was evaporated under reduced pressure and 
the crude was purified by flash chromatography (hexane/ethyl acetate 7:3) affording 2a (85%) as a white solid. 

50 Example 6 

6,5-fused bicyclic lactam (8a): 

[0148] This bicyclic lactam was achieved with the same synthetic sequence followed for the lactam 2a using for the 
55 asymmetric hydrogenation the [Rh-(+)-BitianP] catalyst. 
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Aldehyde (15): 

[0,49] The sen^l precede C wa, Mowed using 25 andlh. resul,ir, £ , residue was 

N), 4.25 (m, 1 H, N-CH-COOlBu), 5.15 (s, 2 H, CH 2 Ph). 7.30 (m, 5 H, aromatic), 9.6-9.8 (2 s, 1 H, CHO). 
Aminoester (34): 

[01611 The general procedure A was followed using 15 and the resulting residue was purified 

stirrea unuei nyu.uy .... n oon « «f fRW«\ a white solid (mixture of two diastereoisomers). - 1 H 

(rn, 1 H. CH-N), 3.6 (m 1 H, N-CH-COOtBu), 4.3 (m, 1 H, CH-NBoc), 5.05 (db, 1H, NH). 
Amino acid (35): 

rrii 521 To a solution of 34 (0 288 g, 0.720 mmol) in MeOH was added 1 N NaOH , after 1 .5 h. the solution was acidified 
SI?H iJ^llZL solution was evaporated. The crude was submitted to the ne*t react.on w.thout further 
^ purification. 

Example 7 

7,5-fused bicyclic lactams (3a, 9a): 

[0153] To a solution o, the crude 35 (0.720 mmol) in CH 2 CI 2 (80 ml) was added in the °-*r (O720 ™^ 

m! HOBt (0 166 a 1 22 mmol) and a catalytic quantity of DMAP. After 15 m.n was added EDC (0.1 80 g, 0.937 rr>mo\) 

mi551 Enamide (37^' t£ gen" al procedure D was followed using 36 and the crude was purified by flash chroma- 

r™^T70 4, 2 0 2 ( rJ - - HZ 2 1 H, HCHP/t), 7.30 ( m, 5 H, aromatic), 

£1 W?" 1 Thege2ra, procedure A was fol.owed using the previous aldehyde and the crude was purified by flash , cf uo- 
[ m ography (h'exane/Ly, acetate, 65:35), affording the enamide (98%) ir , e ,9:1 Z:E ratio as cotou.ess ofeZ^ 

-i H SmR (200 MHz, CDCI3) 8 = 1 .31 [s, 9 H, C(CH 3 ) 3 ], 1 ™ Z <^"-°gC$\ * HC* h 5 J - 2 Hz 

/ iu ru rwkh qfifi/d J -13 2 Hz HCHPh) 3.73 (s, 1 H, COOCH 3 ), 3.79 (d 1 H, HCr/Pn), b. 11 J — i^^, 
S H SHC^hl 5 M J 12 5H 2 1 Hi OHCHPh). 6.07 (d. J = 7.4 Hz. 1 H. «CH). 7.10-7.6 ,m. 10 H. aroma*,, i.EklS 

ijJLnJU* ac.la,. 7:3, ffi m »™£^^?££gw£ft 

H HC*h° 5 20 (d 7-1 ,2 Hz, 1*H HC^r,,. 7.0 (d. J = 8.6 Hz, 1 H. =CH). 7.1-7.4 (m, 10 H, .«<4 



19 



EP 1 077 218 A2 



[0158] Amino acid (39): To a solution of 37 (0.424 g, 0.713 mmoi) in MeOH (4 ml) was added 1N NaOH (4 mmol, 4 
ml) and stirred for 1.5 h. The solution was acidified until pH 3 with 1N HCI, then the solution was evaporated. The crude 
was submitted to the next reaction without further purification. - 1 H NMR (200 MHz, CDCI 3 ) (signals were splitted for 
amidic isomerism): 5 = 1 .35, 1.5 [2 s, 18 H, C(CH 3 ) 3 ], 1.7-2.3 (m, 4 H, CH 2 -CH 2 ), 3.3 (m, 1 H, N-CH-COOtBu), 3.65 
5 (m, 1 H, CH 2 -CH-N), 3.7 (d, J = 12.8 Hz, 1 H, HCHPh), 3.9 (d, J = 12.8 Hz, 1 H, HCHPh), 6.5 (d, J = 7.6 Hz, 1 H, =CH), 
7.1-7.4 (m, 10 H, aromatic), 9.00 (bs, 1 H, -COOH). 

Example 8 

to 5,5-fused bicyclic lactams (1a, 7a): 

[0159] A solution of 39 (0.71 3 mmol) and a catalytic quantity of PdfOH^C 20% in 1 ml of MeOH (7 ml) was stirred 
under hydrogen atmosphere for 1 2h. The catalyst was then filtered through a celite pad and the solvent was evaporated 
under reduced procedure. The crude was dissolved in MeOH and refluxed for 48 h. The solvent was evaporated under 

is reduced pressure and the crude was purified by flash chromatography (hexane/ethyl acetate 6:4) affording 0,097 g of 
1a and 7a as a white solid in 40% of yield (over 2 steps) and 1 : 1 diastereomeric ratio. 1a: - [a] D 22 = -4.80 (c = 1 .20, 
CHCI 3 ). - 1 H NMR (200 MHz, CDCi 3 ): 5 = 1.50, 1.51 [2 s, 18 H, C(CHj) 3 ] ( 1.6-2.4 (m, 5 H, Ctf 2 -Ctf 2 , BocN-CH-CHH)! 
2.95 (m, 1 H, BocN-CH-CH/-/), 3.85 [m, 1 H, (CH-N], 4.15 (d, J = 8.8 Hz, 1 H, N-CH-COOtBu), 4.60 (m 1 H, CH-NBoc)! 
5.25 (broad, 1 H, NH). - 13 C NMR (50.3 MHz, CDCI 3 ) (signals were splitted for amidic isomerism): 5 = 171.7, 169.7, 

20 155.6, 81.8, 79.5, 58.8, 56.5, 56.0, 55.8, 39.5, 33.4, 29.5, 28.2, 27.8. - FAB+MS: calcd. for C 17 H 28 N 2 0 5 340.41, found 
341 .-2a: [oc] D 22 = -4.80 (c = 1.20, CHCI 3 ). - 1 H NMR (200 MHz, CDCI 3 ): 5= 1.45 [2 s, 18 H, C^CH^y, 1.5-2.5 (m, 6 H, 
CH 2 -CH 2 , BocN-CH-CH 2 ), 4.05 (d, J = 8.8 Hz, 1 H, N-CH-COOtBu), 4.12 (m, 1 H, CH-N), 4.25 (m, 1 H, CH-NBoc)! 
5.05 (broad, 1 H, NH).- 13 C NMR (50.3 MHz, CDCI 3 ) (signals were splitted for amidic isomerism): 8 = 170.9, 169.8,' 
1 55.2, 82.2, 81 .8, 79.9, 77.1 , 61 .2, 58.8, 57.6, 56.0, 55.8, 34.4, 33.8, 33.4, 29.9, 29.5, 29.2, 28.5, 28. 1 , 27.7. - FAB+MS: 

25 caicd. for C-, 7 H 28 rsj 2 0 5 340.41, found 341 . 

Aldehyde (13): 

[0160] To a stirred solution of 36 (1 .5 g, 5.14 mmol) in 39 ml of dry CH 2 CI 2 under nitrogen were added in the order: 
30 TBDMSC1 (0.931 g, 6.17 mmol), TEA (6.17 mmol, 0.94 ml) and DMAP (0.063 g, 0.51 mmol). After 12 h. the solvent 
was evaporated under reduced pressure and the crude purified by flash chromatography (hexane/ethyl acetate, 9:1), 
yielding 1 .910 g of compound (94%) as a colourless oil. - [a] D 22 = -3.61 (c = 2.52, CHCI 3 ). - 1 H NMR (200 MHz, CDCI 3 ): 
5 = -0.5 (s, 6 H,CH 3 Si), 0.85 [s, 9 H. (CH 3 ) 3 C-Si], 1.4 [s, 9 H, C(CH 3 ) 3 ], 1.5-2.1 (m, 4 H, Ctf 2 -CH 2 ), 2.9 (m, 1 H, SiO- 
CH 2 -CH-N), 3.3-3.4 (m : 3 H, N-CH-COOtBu, SiO-CW 2 ), 3.9 (s, 2 H, Ctf 2 Ph), 7.3 (m, 5 H, aromatic). - "> 3 C NMR (50.3 
35 MHz, CDCI3): 5=173.6, 139.3, 129.1, 127.9, 126.7, 19.9,67.5, 66.8, 65.8, 58.8, 28.4, 28.0, 27.8, 25.8, 18.1, -3.6. 

[0161] A solution of the silyl protected alcohol (1 .850 g, 4.55 mmol) and PdfOHJg/C 20% (0.250 g, 0.45 mmol) in 45 
ml of MeOH was stirred under hydrogen atmosphere for 4 hours. Then the catalyst was filtered through celite pad and 
washed with MeOH, the solvent was evaporated under reduced pressure, yielding 1 .34 g of hydrogenated compound 
(94%) as colourless oil. - [a] D 22 = -5.80 (c = 1.99, CHCI 3 ). - 1 H NMR (200 MHz, CDCl 3 ) : 5 = 0.4 (s, 6 H,CH 3 Si), 0.92 
40 [s, 9 H, (CWgJgC-Si], 1.49 [s, 9 H, C(CH 3 ) 3 ], 1.5-2.1 (m, 4H, CH 2 -CH 2 ) t 2.35 (broad, 1 H, NH), 3.2 (m, 1 H, SiO-CH 2 - 
CH-N), 3.65 (m, 3 H, N-CH-COOtBu, SiO-CW 2 ). 

[0162] To a stirred solution of the previous compound (1.2 g, 3.79 mmol) in 38 ml of CH 2 CI 2 were added pyridine 
(11 .39 mmol, 0.92 ml) and (CF 3 CO) 2 0 (8.35 mmol, 1 .16 ml). After 1 .5 hours the solvent was evaporated under reduced 
pressure and the crude purified by flash chromatography (hexane/ethyl acetate, 9:1 ), yielding 1 .4 g of the N-protected 

45 pyrrolidine (89%) as colourless oil. - [a] D 22 = -8.62 (c = 2.11, CHCI 3 ). - ^H NMR (200 MHz, CDCI 3 ): 5 = 0.4 (s, 6 H, 
CH 3 Si), 0.9 [s, 9 H, (CW 3 ) 3 C-Si], 1.47 [s, 9 H, C(Ctf 3 ) 3 ], 1.7-2.4 (m, 4 H, Ctf 2 -CH 2 ), 3.5 (m, 1 H, SiO-CHH), 3.75 (dd! 
J = 10.6 Hz, J = 4.2 Hz, 1 H, SiO-CHH), 4.2 (m, 1 H, SiO-CH 2 -CW-N), 4.35 (t, J = 8.5 Hz 1 H, N-CH-COOtBu). 
[0163] To a stirred solution of N-protected pyrrolidine (1 .2 g, 2.91 mmol) in 29 ml of THF, cooled at -40° C, was added 
a 1M solution of TBAF in THF (3.20 mmol, 3.2 ml). Then the solution was allowed to warm at room temp. After 2.5 

so hours was added 30 ml of brine and the resulting mixture was extracted with ethyl acetate. The organic phase was 
dried with Na 2 S0 4 and the solvent evaporated under reduced pressure. The crude was purified by flash chromatog- 
raphy (hexane/ethyl acetate, 6:4), yielding 0.850 g of O-deprotected compound (98%) as colourless oil. - [a] D 22 = -6.40 
(c = 1 .45, CHCI3). - 1H NMR (200 MHz, CDCI 3 ): 5 = 1 .5 [s, 9 H, C(CH 3 ) 3 ], 2.0-2.4 (m, 4 H, CH 2 -C tf 2 ), 3.4-3.7 (m, 2 H, 
HO-CH 2 ), 4.2-4.6 (rn, 3 H, N-CH-COOtBu, HO-CH 2 -CH-N). 

55 [0164] The general procedure D was followed using the alcohol and the residue was purified by flash chromatography 
(hexane/ethyl acetate, 6:4), yielding the aldehyde (93%) as white solid. - [oc] D 22 = +22.48 (c = 1 .53, CHCI 3 ). - 1 H NMR 
(200 MHz, CDCI3): 5 = 1 .5 [s, 9 H, C(CH 3 ) 3 ], 1 .8-2.5 (m, 4 H, CH 2 -CH 2 ), 4.5-4.7 (m, 2 H, CHO-CH-N, N-CH-COOtBu) 
9.7 (s, 1 H, CHO). 
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Enamide (40): 

roiBSl The aeneral procedure A was followed using 1 3 and the crude residue was purified by flash chromatography 
SSLq S SSL 68%) as co.our.ess oil (diastereoisomeric ratio Z:E =1:1). - ' H NMRJ2W MHz :. CDC W < si gnals 
were splitted for amidic isomerism and were referred to the mixture of ^as.ereo^omj s). 1.5 [s . 9 H C|C W 
1 6-2 45 (m, 4 H, CH 2 -CH 2 ), 3.75 (s, 3 H, COOCH 3 ), 4.6 (m, 1 H, N-CH-COOtBu), 4 8 (dd, J = 18 Hz, J 10 Hz, H, 
-CHCH-N1 5 12 (s 2 H CH,Ph), 6.3, 6.8 (2d, J = 10 Hz, 1 H, =CH of 2-isomer, E-.somer). 7.35 (m, 5 H, aromat.c). 
f01 66] The genera, procedure B was followed using the enamide and the crude was purified by flash chromatography 
affording 40 JL a 95%o, yield as colour.ess oil. - 1 H NMR (200 MHz C 6 D 6 ) (signals were , splitted I for amidic isomensm 
and Je referred to the mixture of two diastereoisomers)^ 1 a 1.5 [2 OBH,^ ^i 1H 'S 
CHL) 3 7 (s 3 H, COOCH 3 ), 4.6-4.8 (m, 2 H, N-CH-COOtBu, =CH-CH-N). 5.25 (m 2 H, CH 2 Ph), 7^0 (m, 1 H. -CH), 
7 35 (m 5 H aromatic). - ™C NMR (50.3 MHz, C 6 D 6 ) (signals were sp.itted for amid,c .somensm and were referred to 
/.Jb (m, o n, aiuriid ml.,. 1 b e 128.2,127.4,119.4,113.7,83.6, 

the mixture of two diastereoisomers): 6= 169.1, 163.9, 1*1.2, 136 ^' 1 / H % ' ' ' „ ? 2? " ' 
82.5, 82.0, 68.8, 68.5, 68.2, 62.5, 60.9, 60.8, 58.5, 57.6, 56.8. 53.2, 51.9, 51 .7, 51.6, 33.7, 31 .8, 30.2, 27.7, 27.5, 26.9. 



40 



45 



Aminoester (41 ) 



roi671 A Z/E mixture of 40 (0.609 9, 1 .Olmmol) and Pd(OH )2 /C 20% (0.054 g) in 10 ml of MeOH was stirred under 

hydrogen atmosphere for 18 h. The catalyst was filtered through a celite pad and washed with MeOH. 

evaporated under reduced pressure and the crude purified by flash chromatography (toluene/Ef 2 0, 85.15), yielding 

0 365 0 of 40 (77%) as yellow oil. - 1 H NMR (200 MHz, CDCI 3 ) (signals were splitted for am.d.c isomerism and were 

1 er edtothe^Lureonwo diastereoisomers): 5= 1 .45 [s, 13 H, WW-**^ 6H ^^^^"SS" 
3 75 (2 s 3 H, COOCH,), 4.25-4.4 (2 m, 2 H, BocN-CH, BocN-CH-CH 2 -CH), 4.55 (m, 1 H, N-CH-COOtBu) 5.30 (d, 
i' r\ Hz 1 H Nffl - 13 C NMR (50 3 MHz, CDCU) (signals were spirited for amidic isomerism and were referred to 
„ j. 1 vs 175 j i7n 0 155 8 128 9 128 0, B2.7, 82.0, 79.7, 61.4, 60.6, 58.0, 56.5, 

the mixture of two diastereoisomers). 5= 172.4, 170.0, ibb.d, i^u.y, ' ~| ' , ' ' □ ^ llnH 
52.2, 51.5, 377, 36.4, 35.5, 30.2, 29.7, 29.0, 28.4, 28.1, 27.6, 25.5. - FAB+MS: calcd. for C^H^N^ 468.47, found 



468. 

Amino acid (42) 



r0168] A solution of 41 (0.184 g, 0.393 mmol) and NaBH 4 (0.0298 g, 0.781 mmol) in 8 ml of MeOH was st.rred for 1 
hour at room temperature The solution was concentrated and 10 ml of water was added. The aqueous solution was 
exacted with ethyl acetate, the collected organic phases were dried on Na 2 S0 4 and the solvent evaporated under 
reduced pressure The two diastereoisomers formed in the previous reactions were separated at this step by flash 
chromatography (ethyl acetate/hexane, 6:4), achieving 0.1 23 g of 42 (R) and 42 (8) (84%) in a 2.6:1 diastereoisomenc 
ratio as coUrleVs oiL - 42 (R): - 1 H NMR (200 MHz, C 6 D e) (signals were sp "?£^£^^4to AH 
r? « 1R H CtCH Wl 1 5-1 9 (m 6 H CH 2 -CH 2 , BocN-CH-CH 2 , 2.85 m, 1 H, BocN-CH-CH 2 -CH), 3.2-3.4 (m, 4 H, 
^Z'^S&^Wm. i H, Boc^-CH), 6.6 (broad, 1 ^^I'^^^fg 1 ^ 
were spitted for amidic isomerism): 5= 174.1 , 173.2. 1 55.8, 81 .4, 31 .3 ' 79.5 , 60.6 60.4, 56.5_ 56 3 5*5 52 A 377, 
31.9, 30.0, 29.8, 28.2, 28.0, 27.9. - FAB + MS: calcd. for C 18 H 32 N 2 0 6 372^46, found 37 3 ,42 (S) .. _i j 1 NMR (200 MHz, 
C 6 D 6 ) (signals were splitted for amidic isomerism): 8, 1.30, 1.50 [2 .18 H C(C/*U -50-1.8 0 (m. 6 H CH CH 
BocN-CH CH 2 ), 2.8 (m, 1 H, BocN-CH-CH 2 -CH). 3.3 (s, 3 H, COOCH 3 ), 3.4 (dd, J = 9.1 Hz, J = 5 9 Hz, 1 H, N-CH- 
CCOBu) 4 45 (m 1 H BocN-CH), 5.3 (broad, 1 H, NHBoc). - ^C NMR (50.3 MHz, C 6 D 6 ) (signals were splitted for 
COOtBu), 4.45(m, 1 M_bocin ; 1 153 .5, 136.6, 136.4, 135.8, 128.4, 128.3, 128.2, 128.1, 

amidic isomerism). 5=171.7, 171.5, 1b4.<:, i04.u, io*r./, lat.o ijo , , 

127.7, 126.2, 125.9, 125.8, 81.0, 87.1 , 66.8, 66.6, 60.8, 60.4, 58.2, 57.5, 52.3, 52.2, 32.8, 31.9, 28.5, 28.1 , 27.8, 27.7, 
27.4, £7.1 . - FAB'MS: calcd. for C 18 H3 2 N 2 0 6 372.46, found 373. 



Example 9 



so 5,5-Fused bicyclic lactam [1a]: 



55 



T01G91 A stirred solution of 42 (S) (0.028 g, 0.075 mmol) in 1.5 ml of p-xylene was warmed at 1 30° C for 24 hours 
rLe^wa: then evaporated under reduced pressure and the crude 1 purified * ' ^^^^ 
ethvl acetate 7 3) yielding 1 9 mg of 1 a (74%) as a white foam. - a D & = -4.80 (c = 1 .20, CHCI 3 ). H NMR (200 MHz, 
CDClI t 1 50 1 [2 s 9 18 H, C(CH 3 ) 3 ], 1 -6-2.4 (m, 5 H, CH 2 -CH 2 , BocN-CH-CHH), J 
3.85 [m, 1 H. (CH-N], 4.15 (d, J - 8.8 Hz, 1 H, N-CH-COOtBu), 4.60 (m 1 H CH NB ) 5 . 25 ^1 H. N£ - C 
NMR (50 3 MHz, CDCI 3 ) (signals were splitted lor amid.c isomerism): 6= 171.7, 169.7 155.6. 81.8. 79.5, 58.8. 56.5. 
56.0. 55.8. 39.5, 33.4, 29.5. 28.2, 27.8. -FAB-MS: calcd. for C^H^NA 340.41 , found 341 . 
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Example 10 

5,5-Fused bicyclic lactam [7a]; 

[0170] The compound [7a] was achieved from compound 42 (R), by using the same procedure described for the 
synthes,s of compound 1a, with a 65% of yield as white foam. - [cc] D 22 = . 4 . 80 (c = 1 .20, CHCI,). - 1 H NMR (200 MHz 
™ 3 2'' 4 5 [2 S ' 18 H ' C(CH 3»3]. 1-5-2.5 (m, 6 H, CH>-Ctt 2 , BocN-CH-CH 2 ), 4.05 (d, J = 8 8 Hz 1 H N-CH- 
COOtBu) 4 12 (m, 1 H, CH-N), 4.25 (m, 1 H, CH-NBoc), 5.05 (broad, 1 H, HH). - ™C NMR (50.3 MHz, CDCU) jsignals 
were splitted for amidic isomerism): 5= 170.9, 169.8, 155.2, 82.2, 81.8, 79.9, 77.1, 61 2 58 8 57 6 56 0 55 8 34 4 
33.8, 33.4, 29.9, 29.5, 29.2, 28.5, 28.1, 27.7. - FAB+MS: calcd. for C 17 H 28 N 2 0 5 340.41, found 341.' " 

Ester (43) 

f?l 7 „ 1] T °, o o^f sus P ension of KH (° 777 9. 1 9 -4 mmol) in anhydrous DMF (80 ml) the triethyl phosphonoacetate 
19 4 mmol, 3.9 ml) was added. The mixture was stirred at room temperature for 1 h and then a solution of hemiaminal 
(5.2 g ,16.2 mmol) .n DMF (80 ml) was added. The reaction was stirred overnight at room temperature, quenched with 
satured aqueous NH 4 CI solution and extracted with AcOEt. The combined organic extract were dried over Na,SO, 
and the solvent was evaporated to dryness and purified by flash chromatography yielding 4 8 g of 43 (75%) in a 41 
trans:cis diastereoisomeric ratio. - 1 H NMR (200 MHz, CDCI 3 ) (signals are splitted for amidic isomerism): 6= 1 2-1 35 
(m, 3 H CH 3 CH 2 0), 1.35, 1.40, 1.45, 1.50 [4 s, 9 H, C(CH 3 ) 3 ], 1.60-2.60 (m, 5 H, CW 2 -CH 2 , CHC0 2 Et ), 2.70-3 i (2 
t ^ \\Z ^ r 15 ^ Z " 1 H ' CHC °2 Et - trans isomer >- 3-2-3-5 (2 dd, J 1 = 4 Hz, J 2 = 15 Hz, 1 H, CHC0 2 Et, cis isomer) 
Ju I ; f ' H ' CH 3 CH 2°) 4-27 (m, 1 H, CHC0 2 tBu), 4.45 (m, 1 H, CH 2 -CH-N), 5.15-5.35 (m, 2 H 

?-H 2 o !' 7 t X ^ ' aromatic >' " 13C NMR ( 50 - 3 MHz > CDCI 3) (signals are splitted for amidic isomerism): 8= 171 4 
171.3, 171.1, 171.0, 154.4, 154.1, 153.8, 136.5, 136.3, 128.3, 128.2, 127.7, 127.6, 81.2, 66.9, 66.8,60 8 60 5 60 3 

f u tnf'o 5 , 4 ' 5 ' 39 ' 1 ' 38 ' 0, 3 °' 4, 29 ' 7 ' 289 ' 28 - 7 ' 28 - 2 ' 28 - 0 ' 278 ' 277 ' 27 - 1 - 14 - 1 - " FAB+MS: calcd. to 

C 21 H 29 N0 6 391.2, found 392. 

Aldehyde (14, 17): 

[0172] To a stirred solution of 43 (1.205 g, 3.08 mmol) in dry diethylether (31 mL) at -10°C LiBH, 2M in THF (1 5 
mL, 3.08 mmol) was added. After 24 h a saturated solution of NaHCO, (40 ml) was added and the resulting mixture 
was extracted wrth AcOEt. The organic phase was dried over Na 2 S0 4 and evaporated to dryness. The crude product 
was punfted by flash chromatography (hexane/ethyl acetate 1:1), yielding 1.01 g of alcohol (94%) as a yellow oil - 
Transformer: [<x] D 22 = . 32 . 3 (c = 1 .02, CHCI 3 ).- 1 H NMR (200 MHz, CDCI 3 ): 8 = 1.35 [s 9 H C(CM,kl 1 5-2 4 / m s 
, H, CH 2 -CH 2 , CH 2 -CH 2 -0), 3.5-3.7 (m, 2 H, CH 2 OH), 3.82 (bs, 1 H, OH), 4 22 (dd, J = 7.5 J -01 H CKoSu) 
4.38 (m 1 H, CW 2 -CH-N), 5.15 (m, 2 H, CH 2 Ph), 7.32 (s, 5 H, aromatic). - "c NMR (50.3 MHz, CDCU '(signals were 
sphttedforamidtc isomerism): 5= 171.4, 156.1,136.0, 128.4, 128.3, 127.9,127.8. 1277,81 2 81 1 672 670 60 4 
59.9, 59.0, 55.2, 55.1, 38.6, 37.7, 28.9, 28.7, 27.8, 27.7. - Cis-isomer: [*] D &= -S4.0 (c = 1 51 CHCU) - 1 H NMR (200 
MHz, CDC.3): fcl^Mjj C(CH U 1.4-1.24 (m, 6 H, C^-CH 2 , CH 2 ^CH 2 -0), 3.6-3.9 (m,' 2 H ctpH) 4 08 (dd 
J = 9^5, J = 4, 1 H, OH), 4.25 (dd, J = J 8.5, 1 H, CWC0 2 tBu), 4.40 (m, 1 H, CH 2 -C/V-N), 5.15 (m, 2 H CH 2 Ph) 7 35 

^ H ^iSTSi i?iT <5 °' 3 MHZ ' CDC ' 3): 6= 27 7 ' 2B - 9 ' 30 4 ' 374> 4 58 B - 67 4 ' 81 - 3 ' 127 7 127 9 
[0173] A solution of the alcohol (0.304 g, 0.87 mmol) in dry CH 2 CI 2 (2.5 mL) was added to a suspension of Dess- 
Mart.n per.odinane (0.408 g, 1.13 mmol) in dry CH 2 CI 2 (2.5 mL) at room temperature. After 1h Et 2 0 and NaOH 1N 
were added till clear solution. The aqueous phase was extracted twice with Et 2 0; the collected organic layers were 
washed with H 2 0, dried with Na 2 S0 4 , and evaporated to dryness. The crude product was purified by flash chroma- 
tography (hexane/ethyl acetate 7:3) affording 0.277 g of 17 (92%). - Trans-isomer: [cc] D 22 = . 48 65 (c = 1 01 CHCI ) 
- iH NMR (200 MHz, CDCI 3 ) (signals were splitted for amidic isomerism): 8= 1.35-1 45 [2 s 9 H C(CH,V| 1 6-2 6 (m 
tu'SPfZ) 2 S " 31 (2 m ' 2 H ' C "2CHO), 4.3 (m, 1 H, CHO-CH 2 -CH-N), 4.6 (m, 1 H, N-CH-COOR), 5.15 (m 2 H 
CW 2 Ph), 7.30 (m 5 H, aromatic), 9.1, 9.3 (2 m, 1H, CHO). -"c NMR (50.3 MHz, CDCI 3 ) (signals were splitted iox 
am,d,c isomerism): 8 = 200.3, 171.4, 154.1, 136.2, 128.4, 128.2, 128.0, 127.8, 127.7, 81.3, 67.1, 66 9 60 5 60 1 53 4 
52.5, 49.0, 48.4, 29.5, 28.6, 28.3, 27.8, 27.7, 27.3. ' 
[0174] N-Boc-protected enamide (44): The mixture of aldehydes 14 and 17 was reacted following the general pro- 
cedure A. The crude product was purified by flash chromatography (hexane/ethyl acetate 7:3), affording the enamide 
in 99 U yield, as a trans:cis, Z/E mixture. Trans-2-isomer : [a] D 22 = . 6 1 .84 (c =1.01, CHCI 3 ) -1H NMR (200 MHz 
CDCI 3 ) (signals were splitted for amidic isomerism) : 8 = 1.35-1.50 [2 s, 9 H, C(CH,),1, 1.6-2 3 (m 4 H CH„-CM \ 
2.3-2.Q (2 m, 2 H, =CH-CH 2 ), 3.75 (s. 3 H, COOCH 3 ), 4.15-4.25 (2 m, 2 H, -CH 2 - CW -N and N-CH-COOtBuI 5 1 15 (m 
4 H, CH,Ph), 6.55 (t, J = 8.5 Hz. 1 H, =CH), 7.35 (m, 10 H, aromatic). -iac NMR (50.3 MHz, CDCI 3 ) (signals were 
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. N , i7iy1 1R4P 1fU6 154 4 153 9 153.7,136.4,136.2,135:9,135.7,133.0,132.0, 

sr,srs ™& «* s» s& s& i ».* « m sea, »* M 

33 5. 32.5. 28.5^27.7. 27.4. - FAB-MS: <^ J^^.^*^*^ CDC,,, (signal, w,r« s p«,«d ,o, 
r0175] Trans-E-isomer : a D 22 = -50.16 (c - 1.4b, omoi 3 j. n ™" * 0 7 q i #0 m ow -ph phi q R /? 

s^b^™:; ss^sa =6.2. «* M 20.3. 27.7,. 

5 1 >H PH 1 3 65 (2 S 3 H COOCH 3 ) 4,2 (m. 2 H. -CH 2 -CH-N and N-CH-COOtBu), 5.15 (m, 4 H. CH 2 Ph), 6.1 (2 
f i' = ?="S - 1 H -CW 7 30 (m 10 H aromatic) . - NMR (50.3 MHz, CDCfe) : 6 = 171.5, 163.7, 154.6, 154.3, 
152 2 150 4 135 H ; 128.9, 128.3, 128.2, 128.0, 127.8, 127.7, 83.4, 83.3, 81.1, 77.1. 68.3, 66.9, 

66.7, 60.7, 60.3, 57.6, 56.6, 51.7, 32.9, 32.0, 28.4, 28.0, 27.7, 27.3, 27.0. 

Example 11 

6,5 fused bicyclic lactams (Sa, 11a): 

* r01 781 A solution of 44 (0 489 g, 0.75 mmol) and Pd(OH )2 /C 20% (catalytic) in MeOH (7.5 mL) was stirred under H 2 
o one nfght The catalyst was I ered off and the mixture was refluxed for 24h. The solvent was then removed and 
he Zo diSereoLmerL products were separated by flash chrom «^0«<™"W ™f°J?^f^ 

Si ch NBoc) 4.35 (I, J = 8.5 Hz, 1H, N-CH-COOtBu), 5.28 (broad, 1 H, NH). - FAB + MS: calcd. for C 18 H 32 N 2 0 5 

WTO "'^iS^ -107 9 (c = 1 .7, CHCI 3 ). - ^H NMR (200MHz, CDCI 3 ): 8= 1 .45-1 .50 [2 s, 18 H C(CHM J -75-2.50 
K B H, SjSt and BocN W^), 3.70 [m, 1 H CH-N] 4.16 ^ 1 »■ ^^BW f« M oi^ 
CH-COOtBu), 5.55 (broad, 1 H, NH). -^C NMR (50.3 MHz, CDCI 3 ): 8 = 170.6. 168.5 155.5, 81.4, 79.3, 59.0, 55.2. 
49.9, 32.3, 28.1, 27.B, 26.5, 25.9. - FAB+MS: calcd. for Ci B H 32 N 2 O s 354.46, found 354. 

40 Aldehyde (18): 

[0180] The general procedure C was followed using 43 and the crude residue was purified by ^^^^ 
affording the alcohol with a yield of 98%. -H NMR (200 MHz CDCI 3 ) J ^ %% 

CH 2 ), 3 5-3.7 (m, 2 H, CH 2 OH), 4.1 (m, 1 H, CH 2 -CH-N), 4.24 (m, 1 H, N-CH-COOtBu), 5.05 (s, 2 H, CH 2 Ph), 7.25 

45 mm ThTglneral procedure D was followed using the alcohol and the crude was purified by flash chromatography 

affording 18 with a yield of 82% - i H NMR (20 0 
amidic isomerism): 5= 1.32, 1.45 [2 s, 9 H, C(CH 3 g 1-5-2.7 (m. B H ^.^V^ch^ ^ ( 
H, N-CH-COOR), 5.15 (s, 2 H, CH 2 Ph), 7.20-7.40 (m, 5 H, aromat.c), 9.6-9.8 (2 m, 1 H, CHO). 
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Enamide (46): 



[01 82] The genera, procedure A was f oliowed using 1 8 and the crude was punf.ed * ™ 

ethyl acetate 6:4) affording the enamide with a yie.d of 90% (diastereomenc rat.o BE = 7. ) NMR (200 MHz 

CDCI 3 ), (signa.s were spiitted for amid.c isomerism): 8= 1 .32, 1 .42 [b£H ^(^3)3]^ -5-2.7 ^"^"f"^ 

(S 1 H COOCH 3 ). 4.1 (m, 1 H, CH 2 -CH-N), 4.22 (m, 1 H, N-CH-COOtBu), 5.0-5.20 (m, 4 H, CH 2 Ph), 6.6 (m. 1 H, 

S^t^SSSTfL fo„owed using the enamide and the crude residue was purified by flash chro- 
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matography yielding 46 (98%). - 1 H NMR (200 MHz, CDCI 3 ), (signals were splitted for amidic isomerism)- 8= 1 32 1 42 
[2 8, 18 H, C(CH 3 ) 3 ], 1 .5-2.2 (m, 8 H, CH 2 -CH 2 ), 3.71 (s, 1 H, COOCH 3 ), 3.9 (m, 1 H, CH 2 -CH-N) 4 22 (m 1 H N- 
CH-COOtBu), 5.0-5.20 (m, 4 H, CH 2 Ph), 6.9 (m, 1 H, =CH), 7.20-7.45 (m. 10 H, aromatic). - ™C NMR (50 3 MHz 
CDCI 3 ) (signals were splittedtor amidic isomerism): 6= 141.6, 128.4, 1282, 128.1, 127 8 127 7 68 2 66 8 60 5 58 i' 
52.1,31.3,29.5,27.1,27.3,24.6. 



52.1, 31.3, 29.5, 27.1, 27.3, 24.6. 
Example 12 

trans-7,5-fused bicyclic lactam (6a, 12a): 



[0184] To a solution of 46 (0.093 g, 0.141 mmol) in MeOH (2 ml) was added 1N NaOH (0.705 mmo! 0 705 ml) and 
stirred for 1.5 h. The solution was acidified until pH 3 with 1N HCI i then the solution was evaporated The crude was 
submitted to the next reaction without further purification. - 1 H NMR (200 MHz, CDCI 3 ) (signals were splitted for amidic 
isomerism): 5 = 1.25, 1.48 [2 s, 18 H, C(CH 3 ) 3 ], 1.5-2.4 (m, 8 H, CH 2 -CH 2 ) : 4.1 (m, 1 H, CH 2 -CW-N), 4 3 (m 1 H N- 
15 CH-COOtBu), 5.12 ( 8i 2 H, CH 2 Ph), 6.65 (m, 1 H, =CH), 7.1-7.4 (m, 5 H, aromatic), 9.00 (bs, 1 H, -COOH) ' ' 
[01 85] A solution of previous compound in xylene was refluxed for 48 h. The solvent was evaporated and the crude 
was purified by flash chromatography yielding 6a and 12a with a 40% of yield. 

[0186] 6a- 1 H NMR (200 MHz, CDCI 3 ) (signals were splitted for amidic isomerism): 5= 1 43,1 45 [2 s 18 H OiOH ) 1 
1.51-2 40 (m. 10 H. CH r CH 2 ), 3.75 [m, 1 H, CH-N], 4.22 (m, 1 H, CH-NBoc), 4.48 (t, J = 17 Hz, 1H N-CH-COOtBu ' 
20 5.7 (broad. 1 H, Nhf). h 

[0187] 12a - 1 H NMR (200 MHz, CDCI 3 ) (signals were splitted for amidic isomerism): 5= 1 47 1 48 [2 s 18 H C 
(CH 3 ) 3 ), 1.55-2.50 (m, 8 H, CH 2 -CH 2 ), 4.0 (m, 1 H, CH-N), 4.30 (m, 1 H, CH-NBoc), 4.50 (dd. J L 5 4 Hz J - 17 Hz 
1 H, N-CH-COOfBu), 6.0 (bd, 1 H, HH). ' " ' 

25 Example 13 

* 

[0188] Using the bicyclic lactams prepared according to the preceding examples, the respective peptidomimetics 
compounds, containing the RGD sequence were prepared according to the method disclosed in Gennari et al ■ Eur 
J. Org. Chem., 1999, 379-388. " ~* ! ' 



[0189] Examples 14-47 may be read easier by making reference to Figures 9-12. 
Example 14 

[0190] Reagents and solvents: Sasrin resin (200-400 mesh : 1.02 mmol/g) was purchased from Bachem All the 
35 solvents used for the solid-phase synthesis were of HPLC quality or Analyticai Reagent grade and were dried over 
molecular sieves before use. Flash chromatography: silica gel (Kieselgel 60, 230-400 mesh). TLC" silica plates (60 
F 254 , 0.25 mm, Merck). NMR: Bruker AC-200, AC-300and Avance-400 (200 MHz, 300 MHz and 400 MHz for 1 H 50 3 
MHz, 75.4 MHz and 1 00.5 MHz for ^C). Optical rotations: Perkin Elmer 241 polarimeter. Mass spectrometry VG7070 
EQ-HF and PE-SCIEX API-100. Elemental analysis: Perkin Elmer 240. All solid-phase reaction were carried out on a 
40 wrist shaker. 

[0191] Abbreviations: DCM: dichloromethane, DIC: N.N'-diisopropylcarbodiimide, HOAt 1-hydroxy-7-azabenzotria- 
zole, HOBt: 1 -hydroxybenzotriazole, HATU: 0-(7-azabenzotriazol-1-yl)-N l N,N',N'-tetramethyluronium hexafluorophos- 
phate, TNBS: 2,4,6-trinitrobenzenesulfonic acid. 

[0192] TNBS test was performed following this procedure: a few resin beads were sampled and washed several 
times with ethanol. The sample was then placed in a vial and 1 drop of a 10 % solution of DEPEA in DMF and 1 drop 
of 1 % 2,4,6-trinitrobenzenesulfonic acid (TNBS) in DMF were added. The sample was then observed and colour 
changes were noted. The TNBS test is considered to be positive (presence of free amino groups) when the resin beads 
turn orange or red within 1 min and negative (no free amino groups) when the beads remain colourless. 
[0193] General Procedure 1. Preparation of N-Fmoc-Temp-OH (Temp 1-8). To a solution of the starting N-Boc-Temp- 
OtBu (0.62 mmol) in dichloromethane (4.8 ml) was added, under N 2 , trifluoroacetic acid (4.8 ml) and the resultinq 
mixture was stirred at room temperature for 1 h. The solvents were then evaporated under reduced pressure the crude 
residue was dissolved in THF (0.32 ml) and 10 % Na 2 C0 3 (0.77 ml) was added. After 15 min the solution was cooled 
to 0°C, a solution of Fmoc-ONSu (95 mg) in THF (1.4 ml) was added and the resulting mixture was stirred at room 
temperature for 3 h (TLC CHCI 3 /MeOH/AcOH 75:25:5). THF was then evaporated under reduced pressure the aque- 
ous phase was washed with AcOEt cone. HCI was added to pH 3-4 and the solution extracted with AcOEt' (3x5 ml) 
The combined organic layers were dried with Na 2 S0 4 and evaporated under reduced pressure to afford the crude 
product as a white fbam, which was used without further purification. 
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Example 15 

( 3 S . 6S . 9 S)-1-a 2 a-9-carboxv-3-(9'-f.uorenylmetohxycarbony,a m ino)-2-oxo-bicyc,o[4.3.0]nonane (Tempt), 
s [0194] Was prepared in quantitative overa,, yie.d tolling general procedure , 1 ^^^^^2 

11.2 (bs, 1 H,C0 2 H). ~ ? fi Q 28 8 31 9 47 0,50.2,56.9,58.5,67.1,119.8,125.2,127.1, 

r0195l 13 C NMR (50.3 MHz, CDCI3) 6 = 2o.5, 26.9, 28.8, di.a, a 
70 127.6, 141.2, 143.7, 143.9, 15 6.6. 170.3, 173.2, 174.0. 
[0196] MS (FAB + ): 421 (M+1). 

Example 16 

« (3R6S 9S)- 1 -aza-9-carboxy-3-(9--f.uoren y imethoxycarbony.amino)-2-oxo-bicyclo l 4.3.0]nonane (Tem P 2). 
[019 7] Waspreparedin.uanl^eove^ 

I 1 . 1-2.0.<m, 8 H. 4 CH 2 ), 3.0 (rM H. CH-N) 3.9 (m 1 ^^^^ , 7 . 45 . 7 . 50 (m, 4 H, aromatic), 
4.25-4.55 (m, 3 H, CHC02H, CH20), 6.02 (bs H NH). 7.10 7.25 (m , ^ ^ ^ ^ 

20 7 70 (bs, 1 H C0 2 H). 13 C NMR (50.3 MHz, CDCI3) o= 27.7, 27.8, 28.1 , 31 .3, 47.U, 
127.0,127.6,141.1,143.8,156.5.170.0,173.2,174.3. 
[0198] MS (FAB+): 421 (M+1). 

Example 17 
Example 18 

(3R , 6R .9SH-a Z a-9-carboxy-3-(9--f.uoreny.methoxycarbony.am i n 

[02 00] Was prepared in quantitative overall yield following general proced ure 1 ^£W^ C £* 
I = oil. 9 (m, 8 H. 4 CH 2 ), 315 (m. 1 H. CH-N) 410 £d J, = J 2 = B .Hz, H C/- CH O) g ^ 

NHFmoc, CHC0 2 H, CH 2 0), 6.20 (bs, 1 H NH) 7-1 0-7^30 (m. H ' ar °^ g 57 ? 58 .8, 67.2, 119.8, 125.1, 127.0, 
1 H C0 2 H). 13C-NMR (50.3 MHz, CDCI 3 ) 6 = 25.3, 26.6, 27.5 32 1. 46 9, 49.9, 
127.6, 141 1. 143.7, 143.8, 156.6, 173.1, 174.2. MS (FAB + ): 421 (M+1). 

Example 19 

( 3S 7S i0S)-l-aza-l0-carboxy-3-(9'-f 1 uoreny,methoxycarbon y ,amino)-2^xo-bicyclo[5.3:0]decane (Temp 5). 
[020 1] Was prepared J-"^^ 

2 . 2 .4 (m, 10 H, 5 CH 2 ), 2.72 (s, 1 F C^O) 3 90 (m. ; )■ ^ g g ^ ^ 13c . NMR {50 . 3 
MHzCDiS 8 C -T36 m 27 C 15 5 21.39, 3i: 3 4 H 32 97 H ^00, 47.20, 54.75, 59.39, 60.67, 67.08, 119.84, 125.07, 127.02, 
^T^:^ ^ ^5.78, 172.04. 174.67. MS (FAB*): 435 (M + 1). 

Example 20 

(3R,7S, 1 0S)-1-aza-10-carboxy-3- ( 9'-f.uorenylmethoxycarbony,amino ) -2-oxo-bicyc.o[5.3.0]decane(Tem P 6). 
[0202] Was prepared in quantitative overal, yield fo.loW.ng genera, procedure 1 H-NMR (200 MHz, CDC W 5 = 
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I'^t' 3 (m Al° «' 5 C " 2) ' 2 65 (S ' 1 K CH - CH 20). 3-98 (m, 1 H, CH-N), 4.22 (m, 1 H, CH-C0 2 H). 4.5 (m, 3 H CH- 
NHFmoc, CH 2 0), 6.3 (bs, 1 H, NH), 7.28-7.85 (m, 8 H, aromatic), 9.6 (bs, 1 H, C0 2 H). 13 C-NMR (50.3 MHz CDCU 8 
= 22.02, 25.25, 26.63, 32.96, 46.92, 58.54, 60.60, 61.76, 68.74, 119.91, 124.77, 124.82, 127.00, 127.7 1. MS (FAB+V 
435 (M+1 ). 

Example 21 

(3R,7R,l0S)-1-aza-10-carboxy-3-(9'-fluorenylmethoxycarbonylamino)-2-oxo-bicyclo[5.3.0]decane (Temp7). 

[0203] Was prepared in quantitative overall yield following general procedure 1. 1 H-NMR (200 MHz CDCU) 8 = 
^o^ 35 (m ' 10 H ' 5 C " 2> ' 2 70 (m ' 1 H ' CH " CW 20). 4.05 (m. 1 H, CH-N), 4.25 (m, 1 H, CH-NHFmoc), 4.40 (m 2 H 
CH20),4.65 (m, 1 H, CW-C.0 2 H), 6.15 (bs, 1 H, NH), 7.10-7.80 (8 H, aromatic). 13 C-NMR (50.3 MHz CDCU 8= 25 3' 
2^9. 29.6, 32.1, 34.0, 47.0, 54.7, 59.4, 60.4, 67.1, 119.8, 119.9, 124.6, 125.1, 127.0, 127.5, 127.6, 131.1. MS (FAB*):' 

Example 22 

General Procedure 2. Preparation of N-Fmoc-Gly-0-Sasrin Resin. 

20 [0204] In a solid phase reaction vessel, Sasrin resin (500 mg, 0.51 mmol) was suspended in a solution of N-Fmoc- 
Gly-OH (455 mg, 1.53 mmol), HOBt (206 mg, 1.53 mmol), DIC (0.24 ml, 1.53 mmol) and DMAP (19 mg, 0 15 mmol) 
in DMF (10 ml) for 15 h. The solution was drained and the resin was washed with DMF (3x10 ml) and DCM (3x10 
^'Llf 16 poss,b, y unre acted hydroxy groups present were capped by treatment with a solution of acetic anhydride 
(0.096 ml, 1 mmol) and DMAP (57 mg, 0.51 mmol) in DMF (12 ml) for 2 h. The solution was drained and the resin 
washed with DMF (3x10 ml) and DCM (3 x 10 ml). 

Example 23 

General Procedure 3. Preparation of N-Fmoc-Arg(Pmc)-Gly-0-Sasrin Resin. 
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[0205] In a solid phase reaction vessel, N-Fmoc-Gly-O-Sasrin resin (0.51 mmol) was treated with a 20 % piperidine/ 
DMF solution (10 ml, 1 x 3 min, 2x17 min). The solution was drained and the resin was washed with DMF (3x10 mil 
MeOH (2x10 ml) and DCM (3x10 ml). The deprotection was assessed by performing a TNBS test N-Fmoc-Arq 
(Pmc)-OH(1.014g, 1.53 mmol) and HOAt (208 mg, 1.53 mmol) were dissolved in DCM/DMF 2:1 (10ml) At 0°C DIC 

35 (0.24 ml, 1 .53 mmol) was added dropwise to this solution. The resulting mixture was stirred for 1 0 min at this temperature 
and for a further 10 mm at room temperature, then added to the resin. This mixture was shaken at room temperature 
for 2.5 h. The solution was drained and the resin washed with DMF (3 x 10 ml) and DCM (3 x 10 ml) The success of 
the coupling was assessed by performing a TNBS test. The unreacted amino groups possibly present were capped 
by treatment with a solution of acetyl imidazole (560 mg, 5.1 mmol) in DCM (12 ml) for 2 h. The solution was drained 

40 and the resin washed with DCM (3 x 1 0 ml). 

Example 24 

General Procedure 4. Preparation of N-Fmoc-Temp-Arg(Pmc)-Gly-0-Sasrin Resin. 

45 

f0206 l '?rf l° Nd Ph3Se reaCti ° n VeSSel " N - Fm °^Arg(Pmc)-Gly-0-Sasrin resin (0.51 mmol) was treated with a 20 % 
pipendine/DMF solution (10 ml, 1 x 3 min, 2x17 min). The solution was drained and the resin was washed with DMF 
(3x10 ml), MeOH (2x10 ml) and DCM (3 x 1 0 ml). The deprotection was assessed by performing a TNBS test The 
resin was suspended ma solution of N-Fmoc-Temp-OH (0.54 mmol), HATU (387 mg, 1.02 mmol), HOAt (139 mq 1 02 
so mmol) and 2,4,6-collidine (0.1 35 ml, 1 .02 mmol) in DMF/DCM 3:1 (1 3 ml) for 15 h. The solution was drained and the 
resin was washed with DMF (3x10 ml), MeOH (2x10 ml) and DCM (3x10 ml). The success of the coupling was 
assessed by performing a TNBS test. The unreacted amino groups possibly present were capped by treatment with 
a solution of acetylimidazole (560 mg, 5.1 mmol) in DCM (12 ml) for 2 h. The solution was drained and the resin was 
washed with DCM (3 x 10 ml). 

55 
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Example 25 

General Procedure 5. Preparation of N-Fmoc-Asp(tBu)-Temp-Arg(Pmc)-Gly-0-Sasrin Resin. 

r02071 In a solid phase reaction vessel, N-Fmoc-Temp-Arg(Pmc)-Gly-0-Sasrin resin (0.51 mmol) was treated with 
a 20 % piperidine/DMF solution (10 ml. 1 x 3 min, 2 x 17 min). The solution was drained and the resin was washed 
wfth DMF (3x10 ml), MeOH (2x10 ml) and DCM (3 x 10 Ml). The deprotection was assessed by performing a TN- 
BS test The resin was suspended in a solution of N-Fmoc-Asp(tBu)-OH (840 mg, 2.04 mmol), HATU (776 mg, 
2 04mmol) HOA1 (278 mg, 2.04 mmol) and 2,4,6-collidine (0.27 ml, 2.04 mmol) in DMF/DCM 3:1 (1 3 ml) tor 1 5 h. The 
solution was drained and the resin was washed with DMF (3 x 10 ml), MeOH (2 x 10 ml) and DCM (3 x 10 ml). The 
success of the coupling was assessed by performing a TNBS test. The unreacted amino groups possibly present were 
capped by treatment with a solution of acetylimidazole (560 mg, 5.1 mmol) in DCM (12 Ml) for 2 h. The solution was 
drained and the resin was washed with DCM (3 x 10 ml). 

Example 26 

General Procedure 6. Cleavage of H 2 N-Asp(tBu)-Temp-Arg(Pmc)-Gly-OH (1-7) from the Resin. 

ro2081 In a solid phase reaction vessel, N-Fmoc-Asp(tBu)-Tem P -Arg(Pmc)-Gly-0-Sasrin resin (739 mg) was treated 
with a 20 % piperidine/DMF solution (1 0 ml, 1 x 3 min, 2 x 1 7 min). The solution was drained and the resin was washed 
with DMF (3x10 ml), MeOH (2x10 ml) and DCM (3x10 ml). The deprotection was assessed by performing a TNBS 
test The resin was treated with 1 % TFA/DCM solution (7.4 ml x 3 min). The filtrates were immediately neutralized 
with a 1 8 % pyridine/MeOH solution (0.B9 ml). The fractions containing the product (TLC DCM/MeOH 8:2) were com- 
bined and concentrated under reduced pressure to yield a residue, which was purified from the pyndmium salts by 
size-exclusion chromatography (AMBERLITE XAD-2 resin, H20 then MeOH). Evaporation of the combined MeOH 
fractions containing the product afforded a yellow residue which was used in the successive react.on without further 
. purification. 

Example 27 

r02091 HoN-Asp(tBu)-Templ-Arg(Pmc)-Gly-OH (1 ). Was prepared from the corresponding template in 40 % overall 
yield following general procedures 2-6. i H NMR (300 MHz, CD 3 OD) 8 = 1 .30, 1 .32 [2 s, 6 H, (C^, 1 43 [s. 9 H 
fCH,)„CO] 1 70 (m 2 H, H-y, Arg), 1 .79-1.98 (m, 2 H, H-Cp Arg), 1 .85 (m, 2 H, CH 2 CH 2 Ar), 1 .9 (m, 2 H, H-C 4 Temp), 
S H-Cs Temp, H-C Temp), 2.1 (s, 3 H CH 3 Ar), 2.2 (m. 2 H, H-C 6 Temp), 2.4 (dd, J = 9 17, : I H H-Cp Asp), 

2 55 2 57 (2s. 6 H, CH 3 Ar), 2.65 (m, 3 H, H-C p Asp, CH 2 CH 2 Ar), 3.25 (m. 2 H, HC 5 Arg). 3.65 (m l H H-C 6 Temp) 

3 71 (d J = 17 1 H H-C Gly), 3.75-3.95 (m, 1 H, H-Ca Asp), 3.87 (m, 1 H, H-CaGly). 4.25 (m, 1 H, H-C 3 Temp), 4.4 
(dd -08 1H H-Ca Temp), 4.88 (m, 1 H, H-Ca Arg). 13 C-NMR (50.3 MHz, CD 3 OD) 5= 12.3, 17.9, 19.0, 22.4, 24.2, 
S b, 28 4 29.0, 30.7 33.8 38.1 , 41 .4, 42.2, 48.4. 49.2, 50.5, 52.7, 55.2, 55.8. 62.2, 62.3. MS (FAB + ): 849 (M+1 ). 

Example 28 

H 2 N-Asp(tBu)-Temp2-Arg(Pmc)-Gly-OH (2). 

[0210] Was prepared from the corresponding template in 40 % overall yield following general procedures 2-6. MS 
(FAB + ): 849 (M+1). 

Example 29 

r0211l H,N-Asp(tBu)-Temp3-Arg(Pmc)-Gly-OH (3). Was prepared from the corresponding template in 55 % overall 
yield following general procedures 2-6. 1 H-NMR (300 MHz, CD 3 OD) 8 = 1.30 [2 s, 6 H, (CH 3 ) 2 C-0] ^1 46 [s, 9 H, 
(CH 3 ) 3 CO], 1 .6 (m. 2 H, H-C7Temp), 1 .70 (m, 2 H, H-C Y Arg), 1 .85 (m, 2 H, CH 2 CH 2 Ar), 1 .95-2.2 (m 2 H «f*Temp). 
2 0 (m 2 K H-CP Arg), 2.1 (s, 3 H, CH 3 Ar), 2.2 (m, 2 H. H-C 5 Temp), 2.4-2.6 (m, 2 H, H-C P Asp), 2.55-2.6 (2s, 6 H, 
CHoAr), 2.65 (m, 2 H, CH 2 CH 2 Ar), 2.9 (m, 2 H, H-C B Temp), 3.2 (m, 2 H. H-C 6 Arg), 3.6 (d, J = 18, 1 H H-Ca Gly , 
3.80 (m. 1 H. H-C 6 Temp), 4.0 (m, 1 H, H-C 3 Temp), 4.05 (d, J = 1 8. 1 H H-Ca Gly), 4.2 (dd, J = 6,6, 1 H, H-C 9 Temp), 
44(1,1 H, H-Ca Arg), 4.45 (m, 1 H, H-Ca Asp). 13 C -NMR (50.3 MHz, CD 3 OD) 6 = 12.3, 17.9, 1 9.0, 224, 27 .0, 28.3 
28.6. 29.6, 30.0, 33.8, 37.0, 41.5, 43.3, 52.7. 54.2, 62.2, 74.9, 83.8, 119.4. 136.5. 169.7. 170.6, 173.9, 174.3. MS 
(FAB*): 849 (M+1). 
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Example 30 

H 2 N-Asp(tBu)-Temp4-Arg(Pmc)-Gly-OH (4). 

s [0212] Was prepared from the corresponding template in 30 % overall yield following general procedures 2-6. MS 
(FAB + ): 850 (M+2). 

Example 31 

io H 2 N-Asp(tBu)-Temp5-Arg(Pmc)-Gly-OH (5). 

[0213] Was prepared from the corresponding template in 67 % overall yield following general procedures 2-6 MS 
(FAB-**): 863 (M+1). M 

^5 Example 32 

H 2 N-Asp(tBu)-Temp6-Arg(Pmc)-Gly-OH (6). 

[0214] Was prepared from the corresponding template in 54 % overall yield following general procedures 2-6 MS 
20 (FAB+): 863 (M+1). 

Example 33 

H 2 N-Asp(tBu)-Temp7-Arg(Pmc)-Gly-OH (7). 

[021 5] Was prepared from the corresponding template in 63 % overall yield following general procedures 2-6. MS 
(FAB+): 863 (M+1). 

Example 34 

H 2 N-Asp(tBu)-Temp8-Arg(Pmc)-Gly-OH (8). 

[0216] Was prepared from the corresponding template in 50 % overall yield following general procedures 2-6 MS 
(FAB+): 863 (M+1). 

Example 35 

[0217] General Procedure 7. Preparation of Cyclo[-Temp-Arg(Pmc)-Gly-Asp(tBu)-] (9-1 5). The linear peptide (0 18 
mmol) was dissolved in DMF (45 ml) under N2. HATU (205 mg, 0. 54 mmol), HOAt (73 mg, 0.54 mmol) and 2 4 6-col- 
Iidtne (0.072 ml, 0.54 mmol) were added and the resulting mixture was stirred for 24 h at room temperature The solvent 
was evaporated under reduced pressure and the residue was dissolved in AcOEt. The organic phase was washed 
twice with 5 % NaHC0 3 , dried with Na 2 S0 4 and evaporated under reduced pressure. The crude residue was purified 
by flash chromatography on silica gel (DCM/MeOH from 95:5 to 9: 1 ) to afford side-chain protected cyclopeptide as a 
yellow foam. K K 

Example 36 

Cyclo[-Temp!-Arg(Pmc)-Gly-Asp(tBu)-] (9). 

[0218] Was prepared in 70 % yield following general procedure 7. 1 H-NMR (300 MHz, CDCI 3 ) 8 = 1 25 1 3 [2 s 6 
H (CH 3 ) 2 C-0], 1.46 [ 8l 9 H. (C^COJ, 1.5 (m, 2 H, H-Cy Arg), 1.6 (m, 2 H, H-C 4 Temp), 1.8 (m, 4 H, C^CH.Ar H- 
C 5 Temp), 2.0 (m, 2 H, H-Cp Arg), 2.1 (s, 3 H, CH 3 Ar), 2.2 (m, 4 H, H-C 7 Temp, H-C 8 Temp), 2.52, 2 56 (2 s 6 H 
CH 3 Ar), 2.6 (m, 3 H, CH 2 CH 2 Ar, H-CP Asp), 3.1 (dd, J = 5, 17.6, 1 H, H-Cp Asp), 3.25 (m, 2 H, H-CS Arg) 3 55 '(m 1 
H, H-C 6 Temp), 3.65 (dd, J = 6, 13.6, 1 H, H-Ca Gly), 3.85 (dd, J = 4, 13.6, 1 H, H-Ca Gly), 4.22 (dd, J = 0 9 1 H H- 
C 9 Temp), 4.45 (m, 1 H, H-C 3 Temp), 4.54 (m, 1 H, H-Ca Arg), 4.68 (m, 1 H, H-Ca Asp), 6.3 (s, 3 H, H-Ne Arg HNSO, 
= NH), 6.8 (d, J =6, 1 H, NHTemp), 7.61 (d, J - 9, 1 NH Asp), 7.8 (d, J = 8, 1 H, NHArg), 8.9 (bs, 1 H, NHGly) ^0- 
NMR (75.4 MHz, CDCI 3 ) 5 = 12.1, 17.4, 18.5, 21 .4, 25.2, 26.2, 26.8, 27.5, 28.0, 29 6 31 4 32 2 32 9 36 4 40 2 46 0 
47.7, 50.3, 51.9,60.6, 62.1, 73.5, 81.8, 117.8, 123.8, 134.8, 134.9, 135.5, 153.3, 156.5, 168.0, 169 8 170 2 170 V 
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173.6, 175.0. [a] D *> = -36.1 (cf = 1.0. CHCI a ). MS (FAB + ): 830 (M*), 853 (M+Na). 
Example 37 

Cyclo[-Temp3-Arg(Pmc)-Gly-Asp{tBu)-](l0). 
[0219] Was prepared in SO % yieid .Cowinj 

(CH 3 ) 2 C-0],1.45[s.9H .(CH 3 )3COJ,1 5(m,4H -^^^^^^ L (m, 3 H, H-C 4 Temp, H-C 5 
H-C 8 Temp), 1.9 (m, 1 H, H-C 4 Temp) 2.0 (m 1 H H CP Arg), 2.05 ( ; C H,CH,Ar). 2.80 (dd. J = 8, 

Temp), 2.50 (m, 2 H, H-CP Asp, H-C B Temp), 2.52. 2J56 (2 s 6 _H £^0. * ^ - 2 

1 H, H-C 3 Temp), 4.15 (m, 1 H, H-Ca Sly). V».< J b (d j = 8 ■, h, NH Asp), 7.70 



Example 38 

20 Cyclo[-Temp4-Arg(Pmc)-Gly-Asp(lBu)-] (11 ). 



25 



30 



[0220] Was prepared in 40 ? 

( CH 3 ) 2 C-0] 1.4 (m, 1 H, H-C 5 Temp), 1.45 [s, 9 H f ^< m ' T emo H-C, Temp), 2.1 5 (s, 3 H, CH 3 Ar), 

(mjH, C H 2 C H 2 Ar), 1 . 97 (m , 1 H H-C 8 Temp), *0 (m ^l^^^^ H , c^CH^O, 2.62 (s, 3 3 H, 
2.17, 2.43 (m, 2 H, H-C 7 Temp), 2.5 (m, 1 H, H-Cp Asp), £.bu > (s * , 3 j 

CH 3 Ar), 2.9 (dd, J =7, 1 ^ 3 2 (m 2 H£CS 4 . 6 (m , 1 H, H-Cct Arg), 4.65 

, H-C 9 Temp), 4.1 (m. 1 H. H-CaGly). 4j2 (m. 1 H. H-Cg Te _ m P^ 4 ? 3 fj ^ ' NH Temp), 7.45 (bs, 1 H NH Arg), 7.90 

Example 39 

35 Cyclo[-Temp5-Arg(Pmc)-Gly-Asp(tBu)-] (12). 

45 =-36.7 (C = 1 . CHCI 3 ). MS (FAB + ): 844 (M+). 
Example 40 

Cyclo[-Temp6-Arg(Pmc)-Gly-As P (tBuH (13). Was prepared in 26 % yield fo.lowing genera, procedure 7. 
50 [0222] 1 H-NMR (300 MHz, DMSO-D 6 ) 8 = 1 .3 [s, 3 H (CH 3 ) 2 C-0] 1 31 ^^^^^^^ 

1 , CHCl 3 ). MS (FAB + ): 844 (M+). 
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Example 41 

Cyclo[-Tem P 7-Arg(Pmc)-Gly-Asp(tBu)-] (14). Was prepared in 15 % yield following general procedure 7. 

Inn / Sfo 2 2 ' ° 5 Temp ' H " Ce Temp ' H ' C s Tem P>' 151 < m ' 2 H. H-C 4 Temp), 1.60 (m, 1 H, H-Cy Arq) 

2 32 m f H HC -r^ 1 K TemP) ' 215 (Si 3 H ^ 2 53 (S ' ' ^ 2.58 s. 3 H, CH 3 Ar 

£ r ( o,\ i , u P) '^ 51 (m ' 1 H ' W " CP ASP)> 2 85 (m ' 1 H ' H ' C P As P)' 3 20 ^ 2 H. H-C6 Arg), 3.51 (bd, 1 H 

i m m r (m k ^ H ^ TemP) ' 418 (m ' 1 H ' H " Ca Gly) ' 4 32 (m ' 1 H - H " C io Temp), 4.5 (m, 1 H, H-C Temp) 
4.58 (m, 1 H, H-Ca Arg), 4.80 (m, 1 H, H-Ca Asp), 6.3 (bs, 3 H, H-Ne Arg, HNSCV =Nh1 7 2 (bd 1 H NH A?crt 7 65 
(bd, 1 H, NH Temp), 7.80 (bt, 1 H, NH Gly), 7.95 (bd, 1 H, NH Asp). 2 '* ' ' 9) ' 7 65 

Example 42 

™ ],n^»!° [ " T ^ mp8 " Ar9(PmC) " Gly " Asp(tBu) - ] (15) Was P re Pared in 55 % yield following general procedure 7 iH- 
r , «nT' CDC ' 3) 5 = 1 27 ' 131[2S ' 6R < CW 3) 2 C-0], 1 .44 [s, 9 H, (C^CO], 1 .50 (m. 3 H H-C, Arg H-C R 
Temp . .60 (m 2 H, H-C P Arg, H-C Y Arg), 1.70 (m, 2 H, H-C 8 Temp), 1.8 (m, 2 H, CH 2 CH A ), 1.85 (m l H H-c! 

I7e s 3HCW Art T^T^rT (m ' 2 K H - CsTemP) ' 211 (S " 3 H ' CH ^ 2 32 m ' 1 ' ^Temp) 
J 7 4 mfMHr i ' i ;J; 4 ' 16 ' 7, 1 H ' H - CP ASP) ' 258 (S ' 3 H CH 3A0. 2.65 (m, 2 H, CH 2 CH 2 Ar), 287 (dd, 
irZ A ' V 6 - 7 ' \ ' AS P>' 3 20 < m ' 2 • "" C 3 Arg), 3.54 (bd, 1 H, H-Ca Gly), 4.18 (m, 1 H, H-Ca Gly), 4.22 (m 1 

a' ^'= 7 oI e , mP) ' (m ' 1 H ' H " Cl ° Temp) ' 4 55 (m ' 1H ' H " C 3 Tem P)> 46 ( m - 1 H, H-Ca Arg), 4.83 (m 1 H H-Ca 
Asp) 6^3 (bs, 3 H, H-Ne Arg, HNSC 2 , =NH), 7.49 (bd, 1 H, NH Arg), 7.71 (bt, 1 H, NH Gly), 7.80 (bd, 1 H^HTempf 
795 (bd 1 H, NH Asp). 13 C NMR (50.3 MHz, CDCI 3 ) 5= 12.0, 17.4, 18.4, 26.7, 27.4, 36.4, 2 .4, 25.3. 28 5 29 6 30 8 

70 5 ?72 t f 7 2 4 t r' ?20 59 3 - 632 ' 73 5 ' 81 " 3 ' 117 - 8 ' 123 - 9 ' 133 4 1347 ' 153.5, 156 3 ^170.3,' 

170.5, 172.3, 172.6. [a] D 20 = -54 (c = 0 .05, CHCI 3 ). MS (FAB+): 844 (M+). 

Example 43 

General Procedure 8. Preparation of Cyclo(-Temp-Arg-Gly-Asp-) (16-22). 

l ^o 5 L Si ,w" Ch o a !? pr ° tected c y cl °Peptide (0. 1 mmol) was treated with TFA/thioanisole/ 1 ,2-ethanedithiol/anisole 90- 
53.2 (35 ml) for 2 h. The reaction mixture was evaporated under reduced pressure and the residue was dissolved in 
H20. The aqueous phase was washed twice with iPr20 and evaporated under reduced pressure to afford side-chain 
deprotected cyclopept.de as a white foam. Trifluoroacetate ion was substituted with chloride by ion-exchanqe chroma- 
tography (AMBERLITE IRA-93 resin, chloride form). excnange chroma- 
Example 44 

5S mm C n l n!"J e Tl; A , r ?,; G , ly " ASP " ) (16) - WaS Prepared in q uantitativ e yield following general procedures. 1 H-NMR 

2 ?r a ; = 1 (m ' 2 H> H " CY Ar9) ' 1 - 65 - 1 95 (m ' 6 H ' H " C 4 Tem P> H ' C 5 T emp, H-C 7 Temp), 2 2 (m 2 H 

H-CP Arg), 2:3-2.45 (m 2 H «-C 8 Temp), 2.73 (dd, J= 0, 6, 2 H, H-C P Asp), 3.25-150 (m, 2 H,H-C Arg), S 95 
(m 1 H, H-C 6 Temp), 3.82 (d, J=1 3.5, 1 H, H-Ca Gly), 4.25 (d, J = 1 3.5, 1 H, H-Ca Gly), 4.50 (dd, J = 0 1 0 1 H H- 

n 9 ™T p) ^ n 5 S d ; J o D °; 8 ;o H> H " Ca ' Ar9)i 458 (m ' 1 H - H -°* Temp) - 475 < m > 1 H - c « A s P) . ^ c N mr pi* MHz 

1 75.4, 1 75.7, 1 78.4. [a] D 20 = . 52 .6 (c = 0.88, H 2 0). MS (FAB+: 509 (M+1 ) 
Example 45 

!Sn mm C yf lo (-Temp3-Arg-Gly-Asp-) (17). Was prepared in quantitative yield following general procedure 6. 1 H-NMR 
^%fr V f^o 1 ;« C5 TemP) ' 1 6 (m ' 2 H W -° P Ar9) ' 1 - 8 (m ' 2 H " H " C 4 Tem P). 1 - 9 (m. 2 H, H-Cy Arg), 

3 «7d J il 1 ? ?T, P r off o of' 2 H ' TemP) ' 2 - 7 - 285 (m ' 2 H ' W " CP AS P>' 315 - 330 2 H - Arg 
3.55 (d, J = 14, 1 H, H-Ca Gly), 3.83-3.95 (m, 1 H, H-C 6 Temp), 4. 10 (d, J = 14, 1 H, H-Ca Gly) 4 28 (m 1 H H-C 

So m 3 P) MH 37 r^n\ « = %\ 1 oo' o W -° 8 TSmP) ' 445 (dd - J = 5 ' 10 ' 1 H, H-Ca Arg), 4.65 (m, 1 H, H-Ca Asp). 1 3 C-NMR 
(50.3 MHz, D 2 0) 5 = 27.1, 29.3, 30.4, 31.4, 31.8, 35.1, 38.1, 43.3, 47.2, 52.8, 53.5, 54 8 64 0 64 5 159 6 166 1 

172.5, 174.8, 175.2, 176.4, 176.6, 177.9. [a]^ = . 94 . 6 (c = ^ h 2 Q) MS (IS+): 508 (M + J. ' 
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Example 46 



[0228] Cyclo(-Temp4-Arg-Gly-Asp-) (1 B). Was prepared in quantitative yield ^^^^^^^^1 
pound was no. stable in aqueous solution over a few days at room temperature. i H -NMR (400 MHz D20) 5 1 .6-17 

4.05 in. 1 S, H-C 6 Temp). .28 (d J = 15, 1 H, H-Ca Gly), 4.3 (m, 
\ H , h-c 3 Temp) 4.35 (m, 1 H. H-G 10 Temp). 4.53 (dd, J = 7, 7. H-Ca Asp), 4.6 (m, 1 H; H-Ca Arg). [a] D *> = -63.7 (c 
= 0.95, H 2 0). MS (IS + ): 508 (M+). 



Example 47 



.02291 Cvclof-Temp5-Arq-Gly-Asp-) (19). Was prepared in quantitative yield following general procedure B. 1 H-NMR 
0 MHZ D O I- ? 5-1.1 (m V 2 H, hW Arg), T7-2.0 (m, 2 H, H-C P Arg) , 2.8 (n ; 2 H H-Cp As p), 3. 22( m , 2 H H- 
C5 Ara) 4 0 (m 2 H H-Ca Gly, H-C 7 Temp), 4.3 (dd, J = 7. 7, 1 H. H-Ca Arg), 4.5-4.6 (m. 1 H, H-C 3 Temp, H-C 10 
Tempf 4 68 ( m 1 H H-Ca Asp" isc-NMR (50.3 MHz, D20) 5 = 27.2, 29.8, 30.1 , 31 .0, 33.6, 35.3, 36.2, 39.0, 43.3, 
Is 7 53 8 IS, 62 8. 65.2, 159 5, 174.3, 174.4, 175.6. 176.4. 178.5. ia] D ^-B7.4 (c= 1.2, H 2 Q). MS (IS*): 522 (M + ). 

Example 48 

r02301 Cvclo(-Temp6-Arg-Gly-Asp-) (20). Was prepared in quantitative yield following general procedure B. 1 H-NMR 
So MH dTo) Ts-1 B (m 2 H H-C Temp 1.6 (m. 2 H, H-C 7 Arg), 1.75-1.9 (m, 2 H, H-Cp Arg). 1.8-1.95 (m, 2 
H H-C Temp? 1 1 5 (m 4 H H-C 8 Temp H-C 9 Temp), 2.65-2.8 (m, 2 H, HC P Asp), 3.2 (m, 2 H, H-CS Arg), 3.B2 (d, 
^17 "ic G M 05 d, J= 17, 1 H H-Ca Gly), 4.1 (m. 1 H, H-C 7 Temp). 4.37 (dd, J = 0, 7, 1 H I H-C, 0 Temp). 
4*42 (d^ J 0 10 H H-C 3 Temp). 4.52 (dd, J = 5, 10, 1 H. H-Ca Arg), 4.70 (m. 1 H, H- Ca Asp). 13 C-NMR (75.4 
MHZ D20)"6 = 22.3, 25.0. 25.9. 287. 30.4. 33.7. 34.2. 377, 41.4, 43.2, 51.5. 53.3, 57.5. 59.1, 63.6, 157.6, 171.6. 
, 173.7, 174.2, 175.0, 176.9. [afe 20 = -47.9 (c = 0.71, H 2 0). MS (IS+): 522 (M+). 

Example 49 

[0231] Cyclo(-Temp8-Arg-Gly-Asp-) (22). Was prepared in quan^^^ 

400 MHz D 2 0) 6 = 1.4 (m, 3 H, H-C 5 Temp. H-C e Temp), 1 .55-1 .7 (m, 2H, H-C Y Arg), 1 .8 (m, 4 H H-C 4 Temp, H-C e 
tX H-C 9 Temp), 2.0 m, 2 H, H-CP Arg), 2.26 (m, 2 H, H-C 6 Temp), 2.38 (m 1 H H-C Ternp^ 2M > dd J = 7 8. 
1 H H-Ca Asp) 2 98 (dd J = 7,18, 1 H, H-Ca Asp), 3.2 (m, 2 H, H-C 7 Arg), 3.5 (d, J = 15,1 H, H-Ca Gly). 4.2 (d. J = 
S 1 H H-cX) < 1 2 (m 1 H H-C 7 Temp), 4.38 (m, 1 H, H-C 10 Temp), 4.48 (dd, J = 5, 11, 1 H H-Ca Arg) 4.53 (dd. 
0 11 1 H hS 3 Temp), 4.63 (dd J = 7, 7, 2 H, H-Cp Asp). 1 3 C-IMMR (75.4 MHz, D20) 8 = 27.4, »4 305, 30.6. 
33^0 35.1, 36.2, 41 3, 46 1 , S3.*. 54.9, 56.8, 62.8, 66.1, 159.5. 174.2, 174.8, 175.9. 176.4. 177.6. [a] D *> = -38.1 (c = 
1.2, H 2 0). MS(IS + ): 522 (M+). 

Claims 

1. Compounds of formula (I) 
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wherein n is the number 0, 1 or 2, 

Arg is the amino acid L-Arginine, Gly is the amino acid Glycine and Asp is the amino acid L-Aspartic acid 
and the pharmaceutical^ acceptable salts thereof, their racemates, single enantiomers and diastereoisomers. 

2. A compound of claim 1 which is 




\. A compound of claim 1 , which is 




A compound of claim 1 , which is 




A compound of claim 1, which is 



.1 07721 8A2_L> 
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7. A compound of claim 1 , which is 
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8. A compound of claim 1 , which is 
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55 9. A compound of claim 1 , which is 
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HN. 



Arg 



'Asp Gly 



10. A process for the preparation of the compounds of claim 1 comprising the following steps: 
15 a) Horner-Emmons oiefination of a compound of formula (II) 



20 
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n N 

I 

H 

29) (II) 



COOR 



30 



wherein 



R is a lower alkyl residue; 

R-, is a suitable nitrogen protecting group, to give a compound of formula (III); 
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R 3 NH 




COOR 



COOR, 
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(III) 

wherein R 3 is a suitable nitrogen protecting group, R 4 is a lower alkyl residue; 

b) hydrogenation of said compound of formula (III) and cyclisation; and, if desired 

c) separation of the stereoisomeric mixture; 

d) building of the RGD cyclic sequence; and, if desired 

e) separation of the stereoisomeric mixture. 

11. A process for the stereoselective synthesis of the compounds of claim 1 , comprising the following steps: 
a) Horner-Emmons oiefination of a compound of formula (M) 
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(T)n >r ' COOR 



R1 
(ID 



wherein 



R is a lower alkyl residue; 

R, is a suitable nitrogen protecting group, to give a compound of formula (III), 



( 




R 3 NH 



)n 'n^COOR 




R1 
COOR 4 

(III) 

wherein R 3 is a suitable nitrogen protecting group, R 4 is a lower alkyl residue; 

b) hydrogenation of said compound of formula (III) by chiral phosphine-Rh catalysed hydrogenation and cy- 
clisation; and, if desired 

c) separation of the stereoisomeric mixture; 

d) building of the RGD cyclic sequence; and, if desired 

e) separation of the stereoisomeric mixture. 

12 Pharmaceutical composition comprising a therapeutically or preventive effective dose of at least a compound of 
claim 1 in admixture with pharmaceutically acceptable vehicles and/or excipients. 

13. Amethodforselectivelyinhibiting^ 

contacting said ligand with an effective amount of a compound of claim 1 . 

14. A method for treating a subject suffering from a pathology related to an altered integrin-mediated cell attach- 
ment comprising administering to said subject a compound of claim 1. 

15. A method according to claim 14, wherein said pathology is retinopathy. 

16. A method according to claim 14, wherein said pathology is acute renal failure. 

17. A method according to claim 14, wherein said pathology is osteoporosis. 

18. A method for treating a subject suffering from altered angiogenesis, comprising administering to said subject a 
compound of claim 1 . 

19. A method forthe treatment of tumors in a subject comprising administering to said subject a compound of claim 1 . 

20. A method according to claim 1 9, wherein said tumor, is associated with metastasis. 
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Figure 2 
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Figure 4 
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FIGURE 5 
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FIGURE 6 
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FIGURE 7 
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FIGURE lO 
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FIGURE 11 
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FIGURE 12* . 
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wherein n is the number 0, 1 or 2. There are also dis- 
closed processes for the preparation of said com- 
pounds, together with methods for treating pathologies 
related to an altered ot v P 3 integrin-mediated cell attach- 
ment, in particular wherein the inhibition of angiogenesis 
is desired, for example in tumors, also associated with 
metastasis. 
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